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Abstract. Strontium-90, radiocesium, and other radionuclides were deter-
mined in samples from all over the country of air, precipitation, stream water, 
lake water, ground water, drinking water, sea water, soil, sediments, dried 
milk, fresh milk, meat, fish, cheese, eggs, grain, bread, potatoes, vegetables, 
fruit, grass, moss, lichen, sea plants, total diet, and humans. Estimates are 
given of the mean contents of radiostrontium and radiocesium in the human 
diet in Denmark during 1987. Tritium was determined in precipitation, 
ground water, other fresh waters, and sea water. The 7-background was mea-
sured regularly by TLD, ionization chamber, and on site -y-spectroscopy at 
locations around Risø, at ten of the State experimental farms, along the coasts 
of the Great Belt and around Gylling Nats. The marine environments at 
Barseback and Ringhals were monitored for I37Cs and corrosion products 
(5»Co,60Co,ttZn,*Mn). 
The expanded programme initiated after the Cernobyl accident in 1986 was 
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Abbreviations and Units 
J: joul : ih? unit of energy; 1J = 1 Nm (= 0.239 cal) 
Gy: gray: the unit of absorbed dose = 1 j kg-1 (= 100 -ad) 
Sv: sievert: the unit of dose equivalent = 1J kg-1 (= 100 rem) 
**q: btcquerel: the unit of radioactivity = 1 s-1 (= ?..' pCi) 
<r • cslorie - 4.186J 
«u: 0.01 Gy 
-.m: 0.01 Sv 
' 3: curie: 3.7 x 10» Bq (= 2.22 x 10" dpm) 
E: exa: 1018 
P- peta: 1015 
T: tera: 10" 
G: giga: 109 
M: mega: 10" 
k: kilo: 10 
m: milli: I d 3 
\i: micro: 10-6 
a: nano: 10-9 
?: pico: lO"'2 
f: femto: 10-« 
a: atto: 10"18 
pro capite: per indiv-unal 
TNT: trinitrotoluol; 1 Mt TNT: nuclear explosives equivalent to 109 kg 
TNT. 
yH: per year (a-1) 
cpm: counts per minute 
dpm: disintegrations per minute 
OR: observed ratio 
CF: concentration factor 
FP: fission products 
ix R: micro-roentgen, 10-6 roentgen 
S.U.: pCi^SrtøCa)-1 





nSr: natural (stable) Sr 
eqv. mg KQ: equivalents mg KCl: activity as from 1 mg KQ 
(-0.% dpm = 0.016 Bq; 1 g K - 30.65 Bq) 
S.D.: standard deviation: 
S.E.: standard error V
 n(n.i) 
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U.C.L.: upper control level 
L.C.L.: lower control level 
S.S.D.: sum of squares of deviation: Z(X-Xj)2 
f: degrees of freedom 
s2: variance 
v2: ratio of the variance in question to the residual variance 
P: probability fxactile of the distribution in question 
i ) : coefficient of variation, relative standard deviation 
anova: analysis of variance 
A: relative standard deviation 20-33% 
B: relative standard devition >33%, such results are not considered 
significantly different from zero activity 
B.D.L.: below detection limit 
In the significance test the following symbols were used: 
* : probably significant (P > 95%) 
** : significant (P > 99%) 




The present report is the thirty-first of a series of periodic reports (cf. ref. 1) 
dealing with measurements of radioactivity in Denmark. The organization of 
the material in the present report corresponds to the report of last year. After 
the introduction and a chapter on organization and facilities, there follows a 
chapter on environmental monitoring around nuclear facilities (Risø, Bårse-
back, and Ringhals). Chapter four deals with fallout nucli'^s in the abiotic 
environment, i.e. air, water, and soil Chapters five and six comprise fallout 
nuclides in the human diet, various vegetation and human tissues. Chapter 
seven is devoted to a general discussion of environmental tritium studies. 
External radiation is treated in chapter-eight. The names of the authors of 
each chapter appear at its head. 
Although the programmes were expanded substantially after die Chernobyl 
accident in Ukraine in April 1986, we have not found it necessary to change 
the organization of the material. 
1.2. 
The methods of radiochemical analysis2"4) and the statistical treatment of the 
results5«") are still based on die principles establishe 1 in previous reports1). 
13. 
The detailed tables of die environmental monitoring programme for Risø 
National Laboratory appear in the two semiannual reports: Radioactivity in 
the Risø district January-June 1987 and July-December 1987, which are avail-
able from Risø Library. 
1.4. 
The report contains no information on sample collection and analysis except 
in cases where these procedures have been altered. 
L5. 
In 1987 the personnel of the Environmental Control Section of the Health 
Physics Department consisted of three chemists (ind. one guest scientist), 
one biologist, one physicist, ten laboratory technicians, three sample collec-
tors, and two laboratory assistants. The group for Electronics Development 
and Maintenance gave assistance with the maintenance of counting equip-
ment. 
1.6. 
The composition of the average Danish diet used in this report is identical 
with that proposed in 1962 by the late Professor E. Hoff-Jørgensen, Ph.D. 
Risø-R-563 7 
2. Facilities1*6*7'8) 
By S.P. Nielsen 
2.1. Detectors 
The samples are measured as follows: 
Alpha (239Pu, 24,Am): 22 solid-state surface barrier detectors connected to 
multichannel analyzers (512 channels per detector) and another two for total 
alpha counting. 
Beta C°Y mainly): Six "multidetector"-systems each containing 5 sample 
counters and a common anticoincidence shield are used. 
Gamma (natural and fallout isotopes): A total of 10 germanium detectors in 
10 cm lead shields are used for gamma spectrometric measurements. 5 detec-
tors are connected to hard-wired multichannel analyzers and 5 to MCA-cards 
in a personal computer. The efficiencies of the detectors are in the range 
12-40% relative to a 3" x 3" NaI(Tl) detector. An 8" x 4" NaI(Tl) detector 
and a detector unit with three 4" x 4" x 16" Nal(Tl) crystals are used in an 
underground shielded room for gamma-spcctrometric whole-body measure-
ments. 
2.2. Data Treatment 
Measured spectra are transferred to a Burroughs B7800 computer for evalua-
tion. 
A program system STATDATA16) is developed for registration and treat-
ment of environmental measurements including multichannel analyzer spec-
tra. To date, approximately 95 000 sets of results have been registered cove-
ring the period from 1957. 
3. Environmental Monitoring at Risø, 
Barsebåck, and Ringhals 
by H. Dahlgaard 
3.1. Environmental Monitoring at Risø 
From the two semiannual reports: Radioactivity in the Risø district January-
June 1987 and July-December 1987 the results of the environmental monito-
ring at Risø are presented. The reports are available from the Risø Library. 
The various anthropogenic radionuclides measured outside the Risø area 
came from non-Risø sources. 
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HEALTH PHYSICS DEPARTMENT 
WASTE WATER AND GRASS STATION 
WASTE TREATMENT STATION 
METEOROLOGICAL MAST 
HOT CELL FACILITY 
10 MW REACTOR 
(R) 1 m2 RAINCOLLECTOR 
E3 10 m2 RAINCOLLECTOR 
§B NEW AIRCOLLECTOR 
Fig. 3.1.1. Sampling locations at Risø National Laboratory. 1-S: locations for rain 
bottles (0.03 m2 each), ion-exchange columns (0.06 m2 each), and grass samples. 
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3.2. Marine Environmental Monitoring at Barseback 
and Ringhals 
The radiological monitoring of the marine environment around the two 
nuclear power plants at Barseback and Ringhals in Sweden1) was continued in 
1987. 
Figures 3.2.U and 3.2.1.2 show the sampling locations. 
Fig. 3.2.1.1. Sampling locations at Barseback. 49 and 50 indicate fishing tracks. 
Arrows indicate cooling water intake and outlet. 
55°50-N 
55%5'N I-













12°00'E 12°05'E 12*10'E 
Fig. 3.2.1.2. Sampling locations at Ringhals. 14 and 16 indicate fishing tracks. 
Arrows indicate cooling water intake and outlet. 
3.2.L ^ -Emitting Radionuclides in Brown Algae 
Tables 3.2.1.1 and 3.2.1.2 show the radionuclide concentrations found by -y-
spectrometric analysis in brown algae sampled near Ringhals in 1987. Month-
ly data on radionuclides in seaweed from Barseback and Ringhald are repor-
ted from the experimental programme in Chapter 3.2.5. The data are expres-
sed on the basis of dry weight. Dry matter contents are given. 
Table 3.2.1.3 shows a comparison of the 3 fucoids Fucus vtsiculosus, Fucus 
serratus, and Ascophyllum nodosum. The levels of significance of differences 
from unity are indicated. 
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Table 3.2.1.1. Radionuclides in Fucus vesiculosus (Fu.ve.) and Fucus serratus 
(Fuse.) collected at Ringhals 12-13 May 1987. (Unit: Bq kg-1 dry matter) 
Station No.** 






































* Locations south of the outlet; the other locations were 
situated north of the outlet. 
**Cf. Fig. 3.2.1.2. 
Table 3.2.1.2. Radionuclides in Fucus vesiculosus (Fu.ve.) and Fucus serratus 
(Fu.se.) collected at Ringhals 15-16 December 1987 (Unit: Bq kg-1 dry matter) 
Station No.** 7 
% dry matter 24.6 
Species Fu.ve. 
Distance from 

























































































* Locations south of the outlet; the other locations were situated north of the outlet. 
"C f . Fig. 3.2.1.2. 
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Table 3.2J.3. Ratios of activity concentrations on dry weight basis in Fucus vesicu-
losa (Fu.ve.), Fucus serratus (Fu.se.) andAscophy' m nodosum (As.no.) collected 


















0.82*** ±0.045 (n = 32) 
0.83*** ±0.038 (n = 31) 
0.99 ±0.066 (n = 27) 
0.82*** ±0.056 (n = 27) 










±0.035 (n = 31) 
(n = 1) 
(n = 1) 
(n = 1) 
(n = 1) 
±0.054 (n = 7) 
±0.249 (n = 5) 
±0.261 (n = 5) 
in = 1) 















±0.13 (n = 17) 
•±0.27 (n = 15) 
>±0.33 (n = 8) 
±0.17 (n = 16) 
±0.18 (n = 11) 
'±0.05 (n = 15) 
(n = 1) 
(n = 1) 
(n = 1) 
±0.04 (n = 2) 
±1.17 (n = 2) 
±0.33 (n = 2) 
3.2.2. -y-Emitting Radionuclides in Benthic Invertebrates and Fish 
Table 3.2.2.1 shows results of the -y-coun tings on benthic animals and fish 
from Ringhals and Barseback in 1987. The dose commitment to a hypotheti-
cal critical individual consuming 20 kg Mytilus edulis soft parts (fresh 
weight) yearly would be approximately 18 u-Sv yr1 based on mussels from 
Barseback, Table 3.2.2.1. This is < 1% of the background radiation dose ( = 
2 mSv yr1)- The Barseback mussels are not normally consumed. 
Consumption of 100 kg dab meat would give approximately S |xSv from 
radiocesium based on data in Table 3.2.2.1. The cesium isotopes do not 
originate from the two power plants. 
Table 3.2.2.1. Gamma-emitting radionuclides in benthic animals and fish collected 





% dry matter 




















































•Cf. Figs. 3.2.1.land 3.2.1.2. 
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3.2.4. -y-Emitting Radionuclides in Sea Sediments 
Results from sediment samples collected at Ringhals with the HAPS bottom 
corer are shown in Table 3.2.4.2. The sediment sampling at Barseback failed 
in 1987. 
At both power plants the '"Co that has been detectable in the sediments for 
several years has been compared with the reported annual discharges from 
Tables 3.2.5.2 and 3.2.5.10. The total amount of ^Co accumulated in the 
sediments at Ringhals location 2 and Barseback location 38 expressed as Bq 
m-2 has been divided for each year with the total amount of ^ Co discharged 
from each power plant (GBq, decay corrected) summed up till the year of 
sampling. The result is a transfer factor from the total accumulated discharge 
to one square meter of sediment at the specified location, i.e. Bq m-2/GBq or 
nr2 x 10-9. 
These sediment transfer factors are shown in Figs. 3.2.4.1 and 3.2.4.2. A 
stable transfer factor would indicate that the deposited *°Co remains in the 
sediment, whereas a significant leaking of sedimented 60Co would be seen as a 
decreasing transfer factor. It is seen that die variation in the measured *°Co 
deposition at the two sediment sampling locations is too large to see any 
tendency in the results. From the present material it cannot be judged whet-
her this is due to inhomogeneity within the sampling locations or reflects 
actual variations in 60Co loads in the sediments. 
Table 3.2.4.2. Gamma-emitting radionuclides in sediment samples collected at 
Ringhals, STIS'N12°04'E, location 2, in 1987. (Area: 0.0145 m2) 
Date Layer «Co 
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135 0-3 163 330 
3« 230 600 
6-9 7.9 180 
9-12 28 56 


















0-12 21170 £440 2120 2115 21570 
Fig. 3.2.4.1 Total accumulated discharge of ^Co (GBq, decay-corrected) from 
Barseback (CJ, and transfer factor to one square meter of sediment c: location 38 
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Fig. 3.2.4.2. Total accumulated discharge of MCo (GBq, decay-corrected) from 
Ringhals (a) and transfer factor to one square meter of sediment at location 2(x) 
calculated as Bq nr2fGBq. 
3.2.5. Field Experiments at Ringhals, Barsebåck, and Forsmark 
The time-integrated water samplings at Forsmark were stopped May 1987. At 
Barsebåck and Ringhals, the monthly sampling programme had again 3 parts: 
1) Local Fucus vesiculosus plants and at Ringhals also Fucus serratus; 2) 
uncontaminated Fucus vesicubsus transplanted to the contaminated areas 
one month prior to sampling; and 3) contaminated plant transplanted to an 
uncontaminated area, where they should be sampled monthly for 6 months. 
The transplantations to and from the power plants were brought to an end 
during 1987, whereas the monthly sampling of the "native" plants is planned 
to continue. The overall idea of this programme was to gather data to support 
a model that especially describes seasonal variation in bioindicator response. 
Ringhals Results 
Tables 3.2.5.1-3.2.5.8 give the Ringhals data. The concentrations of anthropo-
genic gamma emitters in Fucus outside the northern cooling water intake 
channel was as found earlier lower than in Fucus sampled in the channel even 
if the last site is 200 m further away from the power plant. Table 3.2.5.5 gives 
annual average values for the ratio. 
The ratios seem to group in two: *°K and 65Zn, which do not show diffe-
rent values, and the rest showing higher levels in the channel. Also the 
radionuclides that do not originate from Ringhals show highest concentra-
tions in thr, channel. These are the Chernobyl radionuclides and the short-li-
ved cosmic nuclide 7Be. Furthermore, radiocesium has higher values in the 
channel both before and after Chernobyl even if its physiological analog MK 
gives equal values. 
These observations makes the explanation less plausible that the difference 
could be caused by intake of another water mass with a higher concentration 
of power plant discharges in the cooling water channel. 
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Thus, the reason for the higher concentration inside the channel compared 
with that outside can only be speculated upon. One suggestion could be that 
the constant high water flow through the channel exposes the surface of the 
Fucus plants to a higher total amount of radionuclides, even if the concentra-
tion in the water is not higher. If this were the case, it implies that the uptake 
of radionuclides under normal "calm" circumstances is 'imited by the ex-
change of water through the seaweed "blanket"; i.e. the averujc concentration 
in the microlayer in close contact with the seaweed surface will be depleted 
for metals and radionuclides. If this were the case, local differences in water 
exchange and seaweed population densities should be considered as parame-
ters causing variation in bioindicator response. This speculative suggestion 
could be followed up by laboratory experiments. It is hard to understand, 
however, why 65Zn did not react like the other nuclides. Another explanation 
could be that the growth conditions in the channel may be less favorable, thus 
showing less growth dilution of earlier accumulated material. 
Table 3.2.5J. Reported monthly liquid discharges from Ringhals in 1987, reference 
36. (Unit: Bq month-') 
Isotop Jan Fib March April May Jjnc July Aug S«pt Oct Nov Dec 
»'Cr 11x10* 8.4x10* 2.8x10* 35x10* 4.5x10s 66x10* 21x10* 9.6x10« 1.1x10* 6.6x10* 1.7x10* 30XT0 9 
**Mn 31x10* 6.1x10' 3.1x10* 4.8x10* 24x10* 69x10* 20x10* 81x10* 5.2x10* 27x10* ' 9 x 1 0 * 1.4xT0* 
»Co 1.8x10' 2.2x10« 2.2x10' 3.1x10' 8 2 x ! 0 * 6 3 x 1 0 ' T7X1C 5.2x10' 2 9 x 1 0 * 1 7 x 1 0 ' 3.2x10' 6 7 x l 0 e 
**Co 1.2x10* 2.6x10* 1.8x10* 67x10* 4.1x10* 24x10 ' ° 4.3x10* 1.8x10'0 8 0 x 1 0 * 24x10* 44x10* 12x10* 
*»Fe 0 0 1.6x10' 1.9x10* 4 .3x '0 ' 6 6 x 1 0 ' 10x10* 5.5x10* 7 0 x l 0 7 8.6x10* 29x10* 4 8 x i 0 7 
•Co 3.7x10* 1.3x10* 3.3x10* 16x10"> 25x10* 1.1x10'° 2.3x10* 4 9 x 1 0 * 8.1X109 4 6 x 1 0 * 49x10* 2 6 x ' 0 9 
»Zn 6.4X1C 4.2x10' 14x10* 15x10* 9.8x10' 24x10* 5 1 x 1 0 ' 1.5x10* 6.4x10* 10x10* 1.7x10* 1 4x '0« 
"<*"Ag 1.1x10' 2.0x10* 3.9x10' 1.1 x TO* 1 5 x 1 0 ' 1.3x10' 4.1x10« 6.4x10* 6.4x10« 2.7x10* 12x10* 7 8 x : 0 ' 
' " I 1.1x10* 3 2 x 1 0 ' 14x10* 5.4x10* 5.9x10' 3 9 x 1 0 ' 2.1x10' 40x10* 7 0 x 1 0 * 1.6x10' 34x10 s 83> :0s 
' *Cs 1.6x10* 4.9x10' 1.8x10* 6.4x10* 32x10* 98x10* 16x10* 92x10* 7.5x10* 1.2x10* 16x10* 93< Q 
'^Cs 32x10* 13x10* 32x10* 9.1x10* 59x10* 16x10* 28x10* 8.4x10* 14x10* 84x10* 38x10« 9 8 * "0' 
Table 3.2.5.2. Reported annual liquid discharges from Ringhals 1975-1987, 
reference 36. (Unit: Bqyear1) 
Isotop* 1975 1978 1977 1978 1979 1380 19B1 '982 19B3 '984 1985 1986 1987 
*'C- 23*10* 13x10" 39*10" 75*10* 60*10* 16* '0 '° 55x139 14x101° 81*10* :9*1C'° t.Ox'C'o '3x10" 
*«Mfi 34x10* 33*10'° 11x10'° 52x10« 54>1C 40x10s 22*10* 78x10« 81x10* Slx'O* 55x'ff> 42x:e» 
s
'C-> 16x10« 11x10" 22x10' 49x10 ' 11x10« 28*10« 3 1 , T O " SfixTC 
»•Co 0 15x10'° 3 1 x 1 0 " 5 1 x 1 0 " 27x10™ 18x10™ 26x10'° 18x10'° 59x10'° 12x10" « 7 x ! 0 ' ° 9'x!0'"< 73x iC - -
**F« 0 11x10* 11x10'° 13x10* 99x10« 1 .'• x <0» 1 1 x 1 0 * 65*10« 66*10* 27x10» 80x10« I2f'(? 
"Co 44x10* 22*10'° 11x10" 98x10'° 52x10'° 93x10'° 65*10'<> 33x10'° 78x10'° 12x10" 57x10'° 86x1G!° 65*'C'" 
»Zn 81x10* 38x10'° 40*!0'<> 85x10'° 42x10'° 88x10'° 22x10'° 20x10'° 97x10* 3G*10» 46x10* 4 ! x ;<r> 
"»"Ag 30x10» 93xl0» 46x10* 11x10* 11x10* 98x10« 60x10« 52x10« 51x10« 31x10« 60x10« 58*10* 
'"I 24x10* 0 36x10' 0 24x10* 18x10* 30x10* 34x10* 48x10* 951 61x10« l 7 x l C 
'"C* 6 2 X 1 0 * 12x10" 49x10'" 15x10'° 15x10'° 25r10'° 88x10* 28x10* 18x10* 79x10* 4 5 * i m 
'»C* 84x10* 26x10'" 66x10'° 21 x TO" 20x10'° 33x10'° 15x10'° 62x10* 38x10* 15x10'° 77*!0> 
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Taék 3.2.53. Gamma-emitting radionuclides in Funis vestcuksus (Fu.ve.) and 
Fnats serratus (Fuse.) outside die northern cooling-water intake at Ringhals (loca-
tkm98t23kmnormofmeom1et)inm7.(UniLBqkr,dryv*igkt) 
• M * 2? V5 V« VI vi Vi MO * " W2 »12 M m S6 N M m Sfc 
% * y *..«•. 195 1*7 1*2 I tS 1 « 17« 21« 723 1997 1993 
MMM> h»SO 20« 200 191 192 220 !99 211 20« 227 209 1997 
MMH Fa.«*. 
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Table 3.2.5.4. Gamma-emitting radionuclides in Fucus vesiculosa collected from 
the northern cooling-water intake channel at Ringhals in 1987 (location 95 (local), 
2.5 km north of the outlet). (Unit: Bq kg-' dry weight) 
Oste 













































































































































Table 3.2.5.5. Ratios ofeaauy concentrations in Fnats vesktdosus sampled in the 
nmtktrn coohng-vmer channel at Ringhah (locations 95 and 99) to those just 
omtsia* the channel (location 98). Mean tolues and SJL for 1983 -1987 angiven 
»Be • * *"Mn »Co "»Co *Zn ' « H j ' « R J »*"Ag ,J-Cs J r 
1983 2 5 0 : 0 4 8 0 9 3 : 0 0 3 2 4 0 : 0 5 7 2 .36:066 1 7 0 : 0 1 7 1 0 6 : 0 1 2 1.45:0.37 2 
( n - 7 ) J n » 8 ) (n - 7) (n »81 (n - 7) ( n » 8 ) 'n = 6) i; 
1984 3 2 0 : 0 3 0 1 0 1 : 0 0 4 1 9 2 : 0 1 7 1.77:016 2.07:027 0 9 7 : 0 0 7 0 8 8 : 0 ' 3 > - 0 ? 
(n - 1 3 ) |n - 13) (i» - 131 | n » 13) (n - 13) (n = 13) (n = 3) ,t = 1_ 
1985 3 4 2 : 0 5 1 0 9 1 : 0 0 5 1.99:032 1 8 2 : 0 3 0 2.01:042 1 0 5 : 0 1 4 1 1 2 : 0 1 4 
(n « 7 ) fn - '0) » n - 10) (n »10) ( n « 101 (n - 8 ) {n -= 21 
1986 3 .67:107 0 9 9 : 0 0 8 2 4 5 : 0 2 7 2 .30:043 1 9 7 : 0 2 2 0.89:010 338:0 .64 2 5 6 : 0 3 3 1 3 8 : 0 2 0 !.9. 2 3 7 71 0 43 
(n - 4) |n » 7) (n « 6) (n - 8) (n - 8) <n « 2) <n - 4) (n - 3) ir, = 31 
1987 0 8 4 : 0 0 8 2 3 6 : 0 4 9 2 3 0 : 0 4 2 2.32:0.27 0 7 2 : 0 0 0 2.77 i 0 0" 
( n - 7 ) ( n - 5 ) fn - 7) (n - 7) In = 2) I n - ' i 
1983- 3 .15:024 0 9 4 : 0 0 2 2 1 5 : 0 1 5 2.06:0.17 2.02:014 0.99:0.05 3 3 8 : 0 6 4 2 5 6 : 0 3 3 1.37:0.19 1 3 6 : 0 1 7 1.94:012 
1987 ( n » 3 D < n - 4 5 ) I n « 41) (n = 46) <n - 45) (n«331 (n = 4) (n = 31 (n = 15) ii> = 10) Ir - 45) 
TaUe 32.5.6. Gamma emoting radionuclides in Fucus vesiadosus transplanted 
from Stora Nist, Varberg (STOTN 12*1 IT) to die northem cooling-water intake 
channel at Ringhah in 1987 one month before sampling. (Unit: Bq kg-1 dry weight) 
»  9
- .} 
r • J.26 
,' =6! 
• 6 9 : i" 
In = \ 
2. 8 
(n ^8i 
I f / . - 0 2 4 
in -- 7) 
Period of accumulation 










































Table 3.2.5.7. Fucus ttskulosus. Transfer factors obtained during one month of 
accumulation after transplantation to Ringhals in 1987. (Unit: Bq kg-' dry Fucus/ 
GBq discharged) (cf. Tables 3.2.5.1 and 3.2.5.5) 
Jan Feb April May June x S.E. N 
5«Mn 
»Co 
»Co 3.76 13.3 




















Table J.2.S.8. Gamma-emittinp radionuclides in Fucus vesiculosus (Fu.ve.) and 
Fucus serratus (Fu.se.) collected at Stora Nåss, Varberg (57°07'N iril'E) in 1987. 














































































































The experimental translocations of low-active Fucus vesiculosus plants 
from Varberg to the cooling water intake channel at Ringhals one month 
prior to sampling was discontinued in 1987. Tables 3.2.S.6 and 3.2.S.7 show 
the last results. It was not possible to extract a clear seasonal effect on the 
accumulation of radionuclides by Fucus. The background activity at Varberg 
is shown in Table 3.2.S.8. 
Transfer factors from the Ringhals discharge (Table 3.2.5.1) to Fucus vesi-
culosus from location 98 (Table 3.2.5.3) calculated as the ratio of Bq kg _l dry 
Fucus to the monthly discharge (GBq) averaged over the previous 6 months 
were given in the previous report as Figs. 3.2.1.3-3.2.1.7 including 1987. The 
results are rather variable. However, it appears clearly that uomA.g increased 
above what could be explained by power plant discharges after the Chernobyl 
accident. 
Baneback Results 
Tables 3.2.5.9-3.2.5.12 give the Barseback data. Table 3.2.5.12 and Fig. 3.2.5.1 
give the last results from the transplantation studies from Barseback. Table 
3.2.5.13 shows the background activity in Fucus from Limhamn south of 
Barseback. 
Table 3.2.5.9 shows a single value for 110mAg in Fucus vesiculosus from 
Barseback. The gamma spectra of Fucus from Barseback location 25 from 
1986 have been recalculated with the aim of finding ll0mAg. This gave the 
following results in Bq nomAg kg-1 dry Fucus (± 1 S.D.): 2/6-86: 12.3 ±27%; 
1/10-86:11.7 + 24% and 2/1-87: 3.3 ±42%. These values should be included in 
the previous report. 
Transfer factors from Barseback discharge (Table 3.2.5.9) to Fucus vesicu-
losus from location 25 (Table 3.2.5.11) calculated as the ratio of Bq kg-' dry 
Fucus to the monthly discharge (GBq) averaged over the previous 6 months 
were reported in the previous report as Figs. 3.2.1.8-3.2.1.11. 
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r«Ur 3-2.5.9. Rtpontd monthly liquid duchargts from Bamback in 1987, nftrtnct 
36(Umt:BqmondH) 
Isotope Jan Feb Match April May June July Aug Sept Oct Nov Dec 
5'Cr 17x10« 98x10« 31x10« 63x10« 12x10« 88x10« 35x10« 14x10« 53x10« 42x10« 23x10« 0 
S*Mn 38x10« 37x10« 1 6x10« 1 2x10« 1 7x10« 1 1x10« 14x10« 6.0x10« 1 1 xl0» 35x10« 1 0x10* 8 7x10' 
»Co 20x10« 1.7x10« 54x10« 15x10« 14x10« 1 1x10« 34x10« 14x10« 19x10« 39x10« 1 3x10 s 6 9 x l 0 7 
»Fe 0 0 0 0 0 0 9 6 x l 0 7 1 2x20 7 0 0 0 0 
««Co 34x10« 20x10« 24x10« 63x10« 43x10« 13x10« 95x10« 21x10« 3.8x10« 13x10« 48x10« 72x10« 
«*Zn 4 1 x 1 0 7 2 2 x 1 0 7 0 0 68x10* 1 1 xlO7 10x 10« 0 0 1 6 x l 0 7 0 0 
"•"•Ag 0 94x10« 0 0 0 0 0 0 0 0 0 0 
' * l 75x107 0 0 0 0 0 0 0 0 0 0 0 
>3«Cs 0 0 0 13x10 7 72x10 7 1 7x107 0 0 54x107 0 0 4.1 x 10« 
'^Cs 3.1x107 0 0 31X10 7 16x10« SOxlO7 1 8 x l 0 7 3 9 x 1 0 7 4 9 x 1 0 7 53X10 7 2 0 x 1 0 7 12x10 7 
TabU 3JLSA0. Rtpormd annual liquid dtxhargafiom Bantbåck I975-I987, 
nfntma 36 (Una: Bayur1) 
HOMpi 1975 1976 1977 1976 1979 1380 1991 1982 1963 t984 1915 198« 1987 
»•O 1 2 x 1 0 * I.7*J0" I J x W 3.2*10* 17* 10" 42x10* 2-7*10* 6.7* 10* 7.2x10* 4 7 X 1 0 * 66x10* : 8x10'* ' 5x Iff" 
*»*» 5.6x10' 28x10* 2.1*10* 3 9 X 1 0 * 2 0 X 1 0 * I 7 » l » 20x10* 33x10* 27x10* 37x10* 37x10* 1 5 * 'O'* SOx 10* 
"Co 6.6x10* 2.6*10* 1.3*10» 3.4*10* 78« 10* 72*10* SjxTO* 40x10* 18x10* 4*xtC» 26x10* 9Crro» f 6 x 10* 
»*» 2.4x10* 9 3 X I P 15x10* 12xTC* 1 3x:0* 55*10* 76x10' T'xTO* 11 x TO« 
"Co 2.6*10* 1.4x10* 2.8x10" 5.4x10™ 22x10'* 3.7x10* 4 3 x 1 0 " >3xiC'» 49x10'* 50x10™ 42x1C" 96»1C™ 32x'C™ 
•»& 3.7xtO» 31x10* 70x10* 1 0 x 1 0 * 55x10* 58x10* 55x10* 77x10* 26x10* 12x10* 75x10* 22x10* H*i9 
"•»AQ 0 2.2x10* 18x10* 38x10* 86x10* 29x10* 24x10* 13x10* 3 9 x 1 0 ' 57x10' 0 13*10' »4x TO* 
»>I 75x10* 22x10* 3 7 x t C T2xI0* TSx TC 
iMCs 0 0 48x10* 1 9 x 1 0 * 6 5 x 1 0 * 40x>0* 47x10* >2xT0* 16x -0* 
'»C* 0 0 65x10* 19x10' 0 0 61x10* 2 6 x 1 0 * 1 2 x 1 0 * 9 2 x 1 0 * 19x10* 5 ' x 1C* 46x :0> 
Tabk 32.S.11. Gamma-cnuaing radkmuchda in Fuaa vakuloua coOtcud at 
Bantbåck, location 25 (5W80N 12*54'45E) in 1987. (Unit: Bo kr' dry 
wttgkt) 
Sampling date 






































































Tmkk 3.2.5J2. Gamuma-^miaimg méiemtctidtt im facta vttiaJasm tnrnspkmttd 







































Fig. 3JJ.1. Comctmtnbm af*tCa im Fmcms incuksms ummskcaud from 
kådt m Lnmmmm.* (km mttamy). Dmmfnm Tmbk 3.2SI2 
10* 
101 
i 1 1 1 i i 1 1 1 1 1 1 1 1 1 r 1 1 » 1 1 1 n 
Lu 
r 
^Co loss Limhamn : 
\ 
I I I I 1 I I I 1 
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1986 
_l__i 1 I _ J 1 • » ' » • • 
J M M J S N 
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TaUt 32.523. Gammm-emiaing radionuclides im Fucus veskuksus cotltcud at 
i(SS*3S'N12*S5,E)mm7. (Unu\Bqkg-'dry weight) 
Date 







































































Tables 3.2-5.14-3-2.5.17 show data on radionuclides in water from the Biotest 
area, discharge from Forsmark and calculated transfer factor from discharge 
to water. The time-integrated water sampling procedure was described in the 
19t3-iepor». 
The calculation of die transfer factors to water (Table 3.2.5.17) is less exact 
than wanted, as samplings did not follow the calendar months used in re-
porting discharges. The extreme outlier for "Zn may be caused by that 
reason, and it is excluded from the means. The water sampling from For-
smark was discontinued during 1987. 
The water samplings at Forsmark were performed by the National Swedish 
Environmental Protection Board, and the results should be compared with 
their measurements on biota and sediments. A map of the location h shown 
in Fig. 3.2.5.3. 
r«Wr 32.5.14. Reported monthly liquid discharges from Forsmari. I and II in 
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Table 3.2.5 JS. Reported annual liquid discharges fiom Forsmark I and II 



























9.2 ±101 0 









































































Table 3.2.5.16. Radiocobalt and Zn-65 in time-integrated water samples collected 

















Table 3.2.5.17. Transfer factor from reported monthly discharge (GBq) to monthly 
time-integrated mean toater concentration (Bq m~3) at the outlet from the biotest-


























Fig. 3.2.5.3. The biotest basin at Fonmark. The water samples were taken at the 
outlet from the basin. 
4. Fallout Nuclides in the Abiotic 
Environment 
by A. Aarkrog and Heinz Hansen 
4.1. Air 
4.1.L Strontium-90 in Air 
The mean air activity for 1987 was 0,37 i^Bq wSr nrJ , mean of big and small 
air samplers and glass fibre filten. This is a decrease by a factor of 70 since 
last year. The "Sr disappeared more rapidly from the air than the radiocesi-
um. Compared to 1985 the '»Sr levels in 1987 were 20% higher. There may 
thus still be a small ^Sr contribution in the air from the Chernobyl accident, 
probably due to resuspension. 
At Bornholm (Table 4.1.1.2) the mean concentration was 0.22 nBq '•'Sr nr3 
in 1987. 
Figure 4.1.1 shows the quarterly levels of *>St in air since 1957. 
24 Risø-R-563 




















The error term is 1 S.E. of the mean of double 
determinations. 








Big sampler, glass 






Fig. 4.1.1. Strontium-90 in ground level air at Risø, 1957-1987. 
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4X2. Radiocesium in Air 
The mean concentration of I37Cs in air in 1987 decreased by a factor of 
approximately 200 compared to 1986. The mean concentration at Risø (Table 
4.1.2.1) was 6.0 p.Bq 137Cs nr3. At Bornholm (Table 4.1.2.2) we measured 8.4 
p.Bq nr3. Hence the air at Bornholm showed a 137Cs/90Sr ratio (38) two times 
higher than that at Risø (18). 
Figures 4.1.2.M.1.2.2 show the concentrations of 137Cs in air collected at 
Risø and Bornholm in 1987. 
As already mentioned in the previous report (Risø-R-549)'), the air concen-
trations did not decrease so rapidly as would be expected from a tropospheric 
event. 
Table 4J.2J. Radiocesium in air collected in glass-fibre filters by the large air 























































Table 4.1.2.2. Radiocesium in air collected at the large air sampler in Bornholm in 
























































































































































































Chernobyl has shown us that after the deposition of the debris there is a 
period with resuspension which may last more than a year after the deposi-
tion. 
At Risø the resuspension factor became 6.0-HH/800 = 7.510"9 nr1, and at 
Bornholm we found 8.4KH/620 = 1.35KH m» in 1987. (Cf. also Table 4.1.2.4 
and Fig. 4.1.2.3). 
10* 1 1 1 r r 1 1 1 1 1 1 1 r 
Air Collected at Risø in Dec. 1986 - Dec. 1987 
dec. febr. apr. juni aug. oct. dec. 
1986 1987 
Fig. 4.1.2.1. Cesium-137 in air collected at Risø, Denmark in the period December 1, 
1986 -December 31,1987. 
Fig. 4.1.2.2. Cesium-137 in air collected at Bornholm, Denmark in the period 
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Fig. 41.23. Resuspension factor for Chernobyl ceshm-137. 
4.13. Iodine-131 in Air 
In March and August 1987 we saw ,31I in air samples from Risø as well as from 
Bornholm (Table 4.1.3). In March th<- integrated levels were 0.S4 mBq 131I 
m-3d at Risø and 0.39 mBq nr3d at Bornholm. In August the levels were 0.35 
and 0.092, respectively. Other countries in northern Europe have made simi-
lar observations. The source of the ,3,I in August was identified to be a 
leaking underground nuclear test explosion at Novaya Zemlya14). 
Table 4.1.3. Iodine-131 in air collected on glass-fibre filters 
in Denmark in 1987. (Una: \iBq nr3) 


























42JL Strontiam-90 in Precipitation 
Samples of rain water were collected in 1987 from the State experimental 
farms (cf. Fig. 4.2) in accordance with the principles laid down in Risø 
Report No. 63, p. 51'). 
Tables 4.2.1.1 and 4.2.1.2 show the results of the '"Sr determinations and 
Tables 4.2.1.3 and 4.2.1.4 the analysis of variance of the results. 
The mean levels for ten State experimental farms were 1.44 Bq *>Sr nr2 and 
22 Bq "Sr nr3. The fallout rate in 1987 was 26 times less than that observed 
in 1986. The *>Sr mean deposition in 1987 was the same in Jutland as in the 
Istands. 
Compared with 198S the *>Sr fallout in 1987 was 80% higher indicating that 
there was still a significant contribution from the Chernobyl accident. How-
ever, there was no relation between the *$r deposition in 1987 and that from 
Chernobyl in 1986 (cf. Fig. 4.2.2). We thus found no indication of local 
resuspension of "ST. But as observed earlier, we saw significantly higher "Sr 
concentrations in the precipitation from Bornholm than from other parts of 
Fig. 4.2. State experimental farms in Denmark. 
8°E 9°E 10°E 11°E 12°E 13°E 
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Table 4.2.1.3. Analysis of variance of In Bq w 5r nr3 precipitation, 
January-December 1987 (from Table 4.2.1.1) 
Variation SSD f 
Between months 16.99 5 3.40 12.33 > 99.95% 
Between locations 18.82 9 2.09 7.59 > 99.95% 
Remainder 12.40 45 0.275 
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TaUe 421.4. Amdfås of variance ofbtBa "Sr ur2 precipitation, 


















5.53 > 99.95% 
10.25 > 99.95% 















10 m2 ion exchange sampler 


























(513 mm) (weighted mean) 













(619 mm) (weighted mean) 
the country. The air concentrations at Bornholm were apparently not higher 
than those observed at Risø (Tables 4.1.1.1 and 4.1.1.2), but the 137Cs concen-
trations at Bornholm were enhanced (Tables 4.1.2.1 and 4.1.2.2). 
Table 4.2.1.5 shows the *>St in precipitation collected at Risø partly by the 
10 m2 ion exchange sampler, partly in the 8 rain bottles located at Risø and 
elsewhere21). The total sampling area of these bottles is 0.23 m2. 
The mean concentrations of wSr in the Risø rain samples were in reason-
able agreement with that from the two Zealand State experimental farms. The 
deposition differed significantly between the two Risø sample systems; the 
bottles collected 0.33 Bq nr2 (619 mm) while the 10 m2 ion exchange sampler 
gave 0.S2 Bq nr2 (513 mm). The mean concentration found in the ion ex-
change sampler was two times higher than that in the rain bottles. 
422. Radiocesium in Precipitation 
The measurements of l37Cs and ,34Cs in precipitation collected at the Danish 
State experimental farms are shown in Tables 4.2.2.1 and 4.2.2.2. The mean 
deposition was 28.6 Bq 137Cs nr2 and the mean concentration was 42 Bq 137Cs 
nr3. Compared with 1986 the 137Cs deposit had decreased by a factor of 37. If 
we assume that all 137Cs deposition in 1987 came from resuspension, we 
concluded that 28.671356 - 0.021 of the Chernobyl deposit (measured in soil 
in September 1986')) was deposited once more in 1987. The ratio 134Cs/137Cs 
found in precipitation in 1987 shows that all radiocesium came from the 
Chernobyl accident. 
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TabU 4.2.2J. Ceshtm-137 (Bq mr*) and '^CsP^Cs in precipitation 
in Denmark in 1987 
Jan-Feb March-April May-June July-Aug Sept-Oct Nov-Dec Weighted 
' *Cs ' *Cs ' *Cs ' * C s '»Cs »*Cs 
,S7Cs
 ~^cT WCs -^ET WCs ^ c T * * -»S" "** ~~ZZT """ — 
Location 
u«  IJ«  























































































































































































































































































Jmmmry Dictmbtr 1987 (from Ttkk 422J) 
Variation SSD f s2 v2 P 
Between months 34.12 5 6.83 50.84 > 99.95% 
Between locations 43.53 9 4.84 36.04 > 99.95*-
Remainder 6.04 45 0.134 
Taék4.L2.4.Amafymof9tntmiofbiBi'"awr^pnapumwm, 






















> 99 95% 
The mean »°Sr/»J7Cs in precipitation in 1987 was: 1.44/28.6 * 0.05. How-
ever, if we look at the individual State experimental farms, two locations were 
atypical: Bonis and Bornholm (Tornbygaard). At Bonis, the ratio was 1.35/ 
18.7 * 0.157. In Risø air, "Sr/^Cs was 0.062 and the air at Bornholm 
showed a mean ratio of 0.026 in 1987. 
The resuspension at Bonis seems to be very low compared with the other 
locations.Tb.is means that the Chernobyl contribution is relatively low here 
compared with the global fallout, and as die nSr/1,7Cs in global fallout is 
0.625, it is reasonable to get a high ratio (0.41) at this location. At Bornholm, 
the high ratio is probably due to an artefact. The rain collectors at Bornholm 
contains relatively much soil. This soil retains l37Cs more efficiently than 
*°Sr. The soil is removed from the sample before the precipitation of the Cs 
with AMP, and although the sample has been treated with acid, some Cs may 
still be retained in the soil which is discarded. Hence the precipitation at 
Bornholm seems to be depleted with ,J7Cs relative to *>Sr, However, Born-
holm also shows a 2-3 times higher *°Sr concentration than the other Danish 
locations (Table 4.2.1.1) and this was also the case in 1982,1983, 1984 and 
1985"). 
The rain collectors at Tornbygaard on the west coast of Bornholm are 
situated 70 metre above sea level on a slope 4 km from the Baltic sea. We have 
shown earlier that dry deposition increases with height1*21); furthermore, the 
nearness of Tornbygaard to the Baltic Sea may give rise to sea spray. In 1982 
the global fallout decreased significantly and the relative importance of resu-
spension may therefore had become greater at that time. This may have 
resulted in higher wSr (and ,37Cs) concentrations in the rain samples from 
Bornholm than from the other Danish locations because of the higher dry 
deposition at Tornbygaard, but, as mentioned above, the ,37Cs may partly 
have been removed from the samples with the impurities of soil. 
The 10 m2 ion exchange rain collector at Risø (Table 4.2.2.5) showed a 
IJ7Cs deposit in 1987 of 20 Bq nr2 or 40 times less than in 1986. The 
"Sr/^Cs was 0.026 at Risø which is half of what we found in air (0.062) and 

































































Fig. 422. Smmmm-90ml987nlied» "Srdeposkidjmn ChmekyL 
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.-2 Bq Sr f r f DEPOSITED FROM CHERNOBYL 
423. Shorter-lived ybnittm in Precipitation 
At the beginning of 1987 it wa- still possible to measure shorter-lived y-cmit-
ten firsai the Chernobyl accident in precipitation. As for radiocesium this 
deposition is considered to be a result of resuspension. For lwRu we estima-
ted the resuspension in January-March 1987 to be ~ 2% of the original 
(decay-corrected) deposit. 
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The washout ratios (Bq m' rain/|iBq ra* air) calculated for Ris* was 1.01/ 
037 - 2.7 for *Sr and 39*6.0 - 6J5 for w Cs (Tabk 4.2.6). These values »ere 
significantly higher than the usually observed washout ratio of LO21', either 
Wtgnriug a aaore efficient washout of resuspended Chernobyl debris than of 
global fallout or less adherence of targe »suspended particles to the air niters. 
TaUt 423. Kvints •y-emaaen m pmifiutvn aOecné imthel0m: tern exchanger 
* Ro*mJa*mary-Mardt 1987. (Umt:Bqm-*) 
«Zr 
























As in previous years, the Risp rain (Table 4.2.4.1) contained higher tritium 
concentrations than those observed in other parts of the country. 
Table 4.2.4.2 shows the tritium concentrations in rain water from three 
other locations in De iark. Compared with Risø, the average concentration 
for these three stations was approx. 2 times lower than that from Risp (1 m: 
sampler). 



























































10 m2 rain 

























































































The error term is 1 S.E. of the mean of double determinations. 
43. Fresh Water 
43.L tiåln—rlidr i • Ciw—4 Water 
As is previous years1), fround water was collected firom the nine locations 
selected by die Geological Survey of Denmark. Figure 4.3.1.1 shows die 

































































A sample of ground water from Maglekilde in Roskilde contained 
1.39 Bq *5r rrr .^ 4.5 ± 0.4 kBq ^ rrr3 and 0.20 kg Ca m-3. 
•FeWbak was not included in the geometric mean. 
"Arithmetic mean. 
The error term is 1 S.E. of the mean of double determinations. 
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The median level of *°Sr in 1987 was compatible with the values found 
since 1967 (cf. Fig. 4.3.1.2). 
The tritium concentrations in 1987 were a Iitde higher than the 1986 levels. 
As appears from Fig. 4.31.3, the *°Sr levels in ground water from Feldbak 
have been on the order of 50-100 Bq nr3 in later years. The arithmetic mean 
of "Sr in Danish ground water in 1987 (excluding Feldbak and including 
Maglekilde) was 0.23 Bq nr3. The predicted mean (cf. Appendix C.1) was 0.26 
Bqnr3. 
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Fif. 4.3.1.2. Median *>Sr levels in Danish ground water, 196I-1987. 
Fig. 4.31.3. Strøntium-90 in ground water at Feldbak 1961-1987. 
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4.3.2. Strontium-90, Radiocesium and Tritium in Fresh Water from 
Danish Lakes and Streams 
The mean levels in 1987 were 9.7 Bq *>Sr nr J in streams and 21 Bq *>Sr n r J in 
lakes. The level in lakes in 1987 was 74% of that in 1986, and streams were 
unchanged (Tables 4.3.2.1 and 4.3.2.2). 
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8°E 9°E 10°E 11°E 12°E 13°E 
Fig. 4.3.2.1. Sample locations for fresh toaterfrom Danish streams (å) and 
lakes (sø). 









Læs å (May) 
Mean 
Relative S.E. 
































Almindingen sø (May) 
Mean 
Relative S.E. 






















Table 4.3.2.3. Radiocesium in Danish stream water collected in Februaty 1987 



















Relative S.E. 20% 


































In the case of l37Cs (Tables 4.3.2.3 and 4.3.2.4), the mean level in streams 
was 2.8 Bq nr3 and in lakes we found 21 Bq m-3. The 134Cs/137Cs ratios suggest 
that all 137Cs found in Danish streams and lakes in 1987 arose from the 
Chernobyl accident. 
Since October 1986 the mean concentrations in streams decreased by a 
factor of 2.8 ± 1.54 (N = 6; ± 1 S.D.) and in lakes by a factor of 2.9 ± 3.5 (N = 
7; ± 1 S.D.). Hence some lakes actually increase J in I37Cs activity. 
Compared with rain water in January-February 1987 which showed a mean 
concentration of 124 Bq 137Cs nr3, the stream water contained 2% and the lake 
water 17% of this level. 
The tritium contents in streams (Table 4.3.2.5) and in lakes (Table 4.3.2.6) 
were a little higher than those observed in 1986. 
Appendix CI shows that the observed ^ Sr level in streams is 1.52 times that 
predicted, and in the case of lake water the observed mean concentration is 
5.3 times that predicted, suggesting a poor prediction model for lake water. 
Table 4.3.2.S. Tritium in Danish stream water collected in February 1987 
Stream kBq 3H nr3 
Bangsboå 3.0 ±0.0 
Gudenå 1.5 ±0.2 
Skjern å 2.0 ±0.0 
Ribeå 2.1 ±0.1 
Odense å 1.5 ±0.3 
Suså 1.5 ±0.0 
Halsted å B.D.L. 
Læs å (May) 2.9 ±0.3 
Mean 1.81 
Relative S.E. 19% 
The error term is 1 S.E. of the mean of double 
determinations. 
Table 43.2.6. Tritium in Danish lake water collected in February 1987 



















The error term is 
determinations. 
1 S.E. of the 
1.74 
10% 
mean of double 
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Fig. 4.3.2.2. Strontium-90 concentrations (±1 S.E.) in 8 Danish streams and 8 
Danish lakes, collected since 1971. 
433. Radionuclides in Danish Drinking Water 
The wSr concentrations were two times higher than those in 1986. The 137Cs 
levels in drinking water in 1987 were an order of magnitude less than those 
observed last year. The concentrations were now at the limit of detection ~ 
0.05 Bq nr3. 
The median ^Sr level was 4-5 times higher in drinking water than in 
ground water and the arithmetic mean was 2.3 times higher. The tritium 
mean level in drinking water was lower than that in ground water. 















































Mean 0.54 0.061* 0.7 
Median of zones 0.28 0.063 0.5 
The error term is 1 S.E. of the mean of double determinations. 




4.4. Radionuclides in Sea Water 
As in previous years, sea water samples were collected by M/S Fyrhclm from 
inner Danish waters (cf. Tables 4.4.1-4.4.2 and Figs. 4.4 J-4.4.6). Furthermore, 
sea water samples were collected at Barsebick in the Sound, and ac Ringhals 
in the Cattegat (Table 4.4.3). Samples were obtained from the research vessel 
DANA, which in 1987 has collected samples from the Danish Straits as well 
as from the North and the Baltic Seas (Table 4.4.3 and Figs. 4.4.4-4.4.7). 
In the samples collected around Zealand in May (Table 4.4.1), ,37Cs from 
Chernobyl amounted to 87% of the total 137Cs activity in the surface water, 
and to 62% of the 137Cs found in bottom water. From November 1986 to May 
1987, the surface waters 137Cs-Chernobyl content increased from 46 to 69 Bq 
nr3, while the bottom water decreased from 59 to 37 Bq 137Cs nr3. 
In November 1987 (Table 4.4.2), 87% of the l37Cs in surface water and 71% 
in bottom water came from Chernobyl. The Chernobyl t37Cs concentrations 
did not change significantly from May to November in surface water (69 and 
68 Bq IJ7Cs nr3, respectively, but in bottom water we saw an increase from 
May to November 37 to 46 Bq nr3. 
From June 19861) to November 1987, the Chernobyl contribution of 137Cs in 
the central North Sea decreased from 37 ±6 Bqnr3(±lS.E.;N = 7)tol4±2 
(±1 S.E.; N - 10) (cf. Table 4.4.3). In October 19861) the mean concentration 
in the German Bight of Chernobyl-derived 137Cs was 35 ± 11 Bq m-3 ( +1 S.E; 
N - 8). In the calculation we corrected for the 134Cs coming from La Hague 
estimated from a sampling in April 1986 (~ 1.7±0.4 Bq 134Cs nr3) (±1 S.E; 
N = 10). In February 1987, the Jutland Current contained 21+2 Bq 137Cs nr3 
from Chernobyl (±1 S.E.; N = 6) and in May 1987 we found 12 ±1 Bq nr3 
(±1S.E.;N = 6). 
The Chernobyl signal in the central North Sea has thus shown a rapid 
decrease. This may be due to in-flow of less contaminated water from the 
southern part of the North Sea and the English Channel which were not 
contaminated to any large extent by the Chernobyl accident29). 
The main contributor to I37Cs in the Danish Straits has become water from 
the Baltic Sea where high concentrations were observed in 19861). Figures 
4.4.8 and 4.4.9 show that already between November 1986 and May 1987 the 
water in the western Baltic Sea began to increase in 137Cs; but not until 1988 
do we observe an increase in the surface water of the southern Cattegat. 
Fig. 4.4.1. Strontium-90 in surface sea water from inner Danish waters, 1962-1987. 
(1 S.D. indicated) (from Tables 4.4.1 and 4.4.2). 
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The Sound - South 
The Sound-North A 







































































































































3 4 i 0 3 
BDL 
3.2 £ 0.1 
B D L 
2 9 * 0 1 
1.3*0.2 
3.7 £ 0 2 
B D L 
3.4£01 
B D L 
3 4 * 0 5 
1.7 £ 0 2 
3.7*0.3 
1 5 * 0 1 
4.3 ±0.8 
4 1 * 0 1 
3 8 * 0 1 
3 8 * 0 8 
6 7 * 0 1 






























Mean Surface 197 78 034 3.9 110 
SD 07 11 003 099 35 
S E 04 3 001 028 1 0 
Mean Bottom 8 3 59 024 1.6 25 2 
SO 04 10 007 175 95 
S.E. 03 3 002 051 28 
The e.ror term is 1 S.E. of the mean of double determinations 
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Takk 4.4.2. Radionuclides in sea water collected around Zealand in November-De-
cemhrl987 
Location Date Position Depth »"Sr !37Cs 134Cs Salinity 
N E inm B q m 3 Bqnr3 '37Cs %o 
Ktlen Dec 2 56*15' 12*25' 2 17 9 89 0 30 9 6 
21 47 016 30.2 
Hereto Nov 24 56*10' 11*47* 2 151 62 0 26 209 
















* * " • 
The Sound-North A 
•* f n 
The Sound- North B 



































































































































Mean Surface 16 6 78 0 29 131 
SD 1.4 10 0.03 4.7 
S.E. 0.8 3 0 01 13 
Mean Bottom 14.3 64 0.22 21.7 
SD 30 15 0.07 9.5 
SE 1.7 4 0 02 2 7 
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Table 4.43. Radionuclides in sea water collected in the Danish Straits, North Sea, 
and Baltic Sea in 1987 
Locatiorvfcruise 
North SeaOana la 
. ~. 
. " . 
Baltic SeaOana 2a 
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TabU 4.4.3. (amnmtd) 
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2 4 - 0 6 
2.5 i 0.1 
B.n.L 
2 6 ± 0 2 
3.5*0.1 
2 3 * 0 1 
2 0 * 0 1 
2 1 * 0 4 
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Fig. 4.4.2. Cesmm-137 in surface and boaom 
11972-1987. 
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catttcud in inner Danish 
During most of 1987, the surface water concentrations in the southern Catte-
gat remained constant in Chernobyl wCs. This was because the Baltic water 
was diluted with low-activity Nonh Sea water. But in 1988 the "Baltic signal" 
had become so strong that it could overrule the dilution from the Nonh Sea, 
and the surface water in southern Cattegat began to show an increase. 
If we calculate the regressions between salinity and ,34Cs concentrations in 
sea water from the Danish Straits collected between 10 and 13* E we get the 
following equations: 
May-June 1987: Bq >"Cs r ' - 36.0 - 0.855 »Unity in %o 
Nov-Dec 1987: Bq ,34Cs nrJ - 33.9 - 0.868 »linity in %• 
May-June 1988: Bq '"Cs nr> - 35.6 - 0.947 wlinity in %• 
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11"E 12"E 13« 
Fig. 4.4J. Sta mur loctbom anmmi ZmUmi. 
The mean salinity in Danish sea water in 1987 was 18%« (ct Table. 4.1 
and 4.4.2). Hence the calculated mean concentrations of ,34Cs in the Danish 
Straits become: 20.6 Bq m~3 in May-June 1987; 18.3 in Nov-Dec 1987 and 18.6 
in M i^y-June 1988. If all data were decay-corrected to May-June 1987 we get: 
20.6, 21.5, and 26.0, respectively. This means that the decay-corrected radio-
cesium from Chernobyl in the Danish Straits increased from May-June 1987 
SO Ris#-R-563 
to Nov-Dec 1987 by a factor of 1.04 and from NovDec 1987 to May-June 1988 
by a factor of 1.21. 
The monthly samples collected at Klint (Table 4.4.3 and Fif. 4.4.9) repre-
sent suiface water in the southern Cattegat (cf. also Fig. 4.4.8). From April to 
May the concentration of Chernobyl lJ7Cs increased by a factor of nearly 2 
and since then the concentrations of Cherbobyl II7Cs has been rather con-
stant at Klint. However, in 19S8 the levels increase again due to the appear-
ance of contaminated water from the Baltic Sea. 
Fig. 4.4.4. Stnmhttm-90 m smfaa sta water colltcttd m 7997. (Umb Bq arty. 
7=E 8"JE 9=E 10:E H°E 12°E T3°E U°E 15°E 
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#Cf. Fig. 3.2.1.1. 


























May 20 10.4 
June 23 10.6 
July 16 11.0 
Aug 12 13.6 
Sep 14 10.5 
Oct 14 10.8 
Nov 11 9.9 
Dec 18 11.3 
May 4 15.6 
May 4 13.6 
















7°E o°E 9°E 10°E 11°E 12°E 13°E H°£ 15°E 
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7°E 8°E 9°E 10°E 11°E 12°E 13°E 14°E 15°E 
Fig. 4.4.6. Chernobyl cesium-137 in surface sea water collected in November-De-
cember 1987. (Unit: Bq nr3). 
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Fig. 4.4.8. Chernobyl cesium-137 in southern Cattegat and western Baltic Sea 
1986-1988. (Unit: Bqm-3). 
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4.5. Strontium-90 and Radiocesium in Soil Samples 
Soil was collected from uncultivated fields in September 1987 at the 10 State 
experimental farms (Fig. 4.2 and Tables 4.5.1 and 4.5.2). Furthermore, we 
analysed soil samples collected in 1983 (Table 4.5.3) from cultivated soils. 
The last time a countrywide sampling of both cultivated and uncultivated 
soils took place was in 1975'). From this sampling and from the deposition of 
global fallout since then, we can calculate the expected levels in uncultivated 
soils in 1987 and in cultivated soils in 1983. These calculated levels may then 
be compared with those actually observed. Table 4.5.4 shows the ratios be-
tween observed and calculated levels. Furthermore, we have compared the 
observed September 1987 levels of Chernobyl 137Cs with those found in Sep-
tember 1986 (corrected for decay to 1987 and for Chernobyl fallout for the 
period September 1986 to August 1987). 
It is evident that the observed 137Cs levels in soil in general are lower than 
those calculated from previous measurements. This shows that 137Cs disap-
pears from the soil not only by radioactive decay, but also by other processes, 
Table 4.5.1. Radiocesium in uncultivated soil collected at the 10 State experimental 



















































































































































































Table 4.5.2. Strontium-90 in uncultivated soil from the 10 State experimental farms 







































Table 4.5.3. Cesium-137 in cultivated soil from the 10 state experimental farms in 
Denmark in September 1983. (Una: Bq » 7 CJ m~2) 









































































2 1 % 
•These two stations were not the same in 1975 and in 1983 (Borris was 
earlier Studsgård and Tornbygård was Åkirkeby). 
e.g. runoff, crop removal, and wind erosion. The loss of global fallout I37Cs 
from uncultivated soils from 1975 to 1987 corresponded to a decay factor X of 
0.017 yr1 (e-*12 = 0.82; X = 0.017) the corresponding half-life is 42 years 
and the effective half-life of global fallout 137Cs in Danish uncultivated soils 
thus becomes 17.5 years. 
In the case of cultivated soils, the loss rate of 137Cs is greater. The decay 
factor is here 0.030 yr1. (er™ = 0.79); A = 0.030) and the effective half-life 
of global fallout ,37Cs in Danish cultivated soils becomes 13 ycais. 
The last column in Table 4.5.4 shows a surprisingly high reduction in the 
Chernobyl ,37Cs in soils fron 1986 to 1987, corresponding to a decay factor of 
0.26 yr1 or an effective half-life of 2.44 years only. In order to see whether 
this rapid decay continues (which is unlikely), we have planned a new soil 
sampling in 1989. 
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Mean ± 1 SE.(N) 
Riso. Bolund 
Risø. Skydebanen 













































0.77 ±0.05 (10) 
»•Global fallout only. Chernobyl ,37Cs has been subtracted. 
»»Chernobyl 137Cs calculated from i3«Cs. 
cHCalø in 1987 but Ødum in 1975. 
"»Studsgård in 1975. Borris in 1983-1987. 
»»Blangstedgård in 1975-1983. Årslev in 1986-1987. 
"Åkirkeby in 1975. Tornbygård 1983-1987. 
4.6. Sediments 
Sediments were collected from the permanent locations in Roskilde Fjord in 
May 1987. The mean contribution from Chernobyl was 208 ±104 Bq l37Cs 
m~2 (± 1 S.D.; N = 7). The Chernobyl radiocesium was normally found in 
the upper 3 to S cm. Compared to the deposition of Chernobyl 137Cs in 1986, 
the sediments in Roskilde Fjord contained 20-30%. This is higher than seen 
in 1986, when only about 10% of the Chernobyl radiocesium had reached the 
sediments in the Danish Straits'). 
Table 4.6.1. Radiocesium in marine sediments collected in Roskilde Fjord on May 































































Table 4.6.2. Radiocesium in marine sediments collected in Roskilde Fjord on May 




























































Tabie 4.6.3. Radiocesium in marine sediments collected in Roskilde Fjord on May 





























































Table 4.6.4. Radiocesium in marine sediments collected in Roskilde Fjord on May 






























































Table 4.6.S. Radiocesium in marine sediments collected in Roskilde Fjord on May 































































Table 4.6.6. Radiocesium in marine sediments collected in Roskilde Fjord on May 































































Table 4.6.7. Radiocesium in marine sediments collected in Roskilde Fjord on May 








































































































The double sampling from location I (Risø, cf. Table 4.6.7) showed signif-
icant variations between the two sets of samples. The set with the 3-cm layers 
showed 50% more Chernobyl radiocesium than that with the 1-cm layers. 
Fig. 4.6.1. Chernobyl Cs-137 in sediment samples (0-6 cm layer) collected in Ros-
kilde Fjord. (Unit: Bq m~2). 
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5. Danish Food and Various 
Vegetation 
by A. Aarkrog 
5.1. Strontium-90 and Radiocesium in Dried Milk 
from the Entire Country 
As compared with 1986, the countrywide mear. ^Sr level in dried milk de-
creased by 8% in 1987, which brings the 9°Sr levels back to pre-Chernobyl 
concentrations. 
Tables 5.1.2 shows the anova of the mSr data. The variation between loca-
tions was significant. 
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Fig. 5J.1. Dried milk sampling locations in Denmark. 


















































































•The data were weighted with the number of months when calculating the mean. 
As 1 cubic meter of milk contains 1.2 kg Ca, the mean ^Sr content in Danish milk produced in 
1987 was 71 Bq m 3 (or 0.07 Bq 9°Sr I ')• 
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Table 5J.2. Analysis of variance of In Bq »Sr (kg Ca)-* in Danish dried milk in 
1987 (from Table SJJ) (mdk year May 1987 - April 1988) 
Variation SSD f 
Between months* 0.138 6 
Between locations 2.522 6 
Month x loc. 0.403 34 











•May-June. July. Aug. Sept.Oct. Nov-Dec (19P7). Jan-April (1988). 
Fig. 5.1.Z Predicted (curve) and observed *°SHCa levels in dried milk from Den-
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As 1 cubic meter of milk contains approx. 1.66 kg K. the mean 137Cs content in Danish milk 
produced in 1987 was estimated at 600 Bq m-3(or 0.60 Bq >37Cs H). 
Table S.I.4. Anafysis of variance of In Bq ,37Cs (kg K)~' in Danish dried milk in 





























































































































± 1 S.D 
0 42 ± 0 0 3 
0 41 ± 0 0 1 
0 40 ± 0 02 
0 40 ± 0 01 
0 38 ± 0 02 
0 37 ± 0 02 
0.36 ±0.01 
0 35 ± 0 02 
0 30 ± 0 0 4 
0 33 ± 0 03 



















Compared with 1986, the u7Cs concentrations in Danish dried milk de-
creased by a factor of 1.8 in 1987. It is more interesting to compare the milk 
years: May 1986 - April 1987 and May 1987 - April 1988, where we find that 
there was a decrease by a factor of 2.9 corresponding to a decay factor A. of 1.07 
yr1 or an effective half-life oflJ7Cs in Danish milk of 7.75 months. We expect 
that this decrease rate will become less in the coming years. 
The 1?4Cs/!"Cs indicates that 94% of the I37Cs in Danish milk from 1987 
came from the Chernobyl accident (Table 5.1.5). 
Figures 5.1.2 and 5.1.3 show the '•'Sr and 137Cs levels in dried milk com-
pared with the predicted values (cf. Appendix C). The observed ^Sr levels in 
1987 were 1.11 times the predicted, while the observed 137Cs levels were 0.66 
times the predicted ones (means of Jutland and the Islands). Compared with 
1986, the models had improved their predictions. 
Fig. S.1.3. Predicted (curve) and observed 137Cs/K levels in dried milk from 
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5.2. Other Milk Products 
5.2.1. Strontium-90 and Radiocesium in Consumers Milk 
Milk was purchased in the 8 zones and Copenhagen (Figs. 5.4.1 and 5.4.2) in 
May-June and in November-December 1987. The results are shown in Table 
5.2.1 and were similar to those in he dried milk samples (cf. Table 5.1.3). 
Table 5.2.1. Strontium-90 and radiocesium in consumers milk collected in the 8 
zones and Copenhagen in 1987 (cf. Figs. 5.4.1 and 5.4.2) 
June December 


















































































5.2.2. Strontium-90 and Radiocesium in Danish Cheese 
The ^Sr levels (Bq (kg Ca)-1) in cheese in 1987 corresponded to those ob-
served in milk in South and West Jutland in June 1986. The 137Cs levels (Bq 
(kg K)-1) were also similar to the milk level- observed in Jutland in the 
grazing season 1986. 
Compared with cheese from 1986, the 1987 levels were nearly the same for 
^Sr, while the 137Cs concentrations had decreased by a factor of 2.4. As in 
1986, we must conclude that the 137Cs/K in cheese was higher than that in 
milk. 
Table 5.2.2. Strontium-90 and radiocesium in Danish cheese in 1987 
Month Bq9°Sr Bq9 0 Bq137Cs Bq137Cs 134Cs 
kg-i (kgCaH kg-i (kg KH ^ c i 
Jan-March 0.90 112 1.03 1440 0.48 
April-June 0.84 98 1.03 1360 0.39 A 
July-Sept 1.05 100 1.27 1180 0.35 
Mean 0.93 103 1.11 1330 
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5.3. Strontium-90 and Radiocesium in Grain from 
the Entire Country 
As in previous years, grain samples were obtained from the State experi-
mental farms (cf. Fig. 4.2). Strontium-90 was determined as previously (Risø 
Report No. 63l), and 137Cs and l34Cs were measured on ashed samples by 
-y-spectrometry on a Ge(Li) detector. 
Tables 5.3.1 and 5.3.2 -^ how the measurements of *>Sr in grain in 1987. 
Table 5.3.4 gives the analysis of variance of the Bq ^Sr (kg Ca)_1 figures and 
Table 5.3.3 that of the Bq ^Sr kg-1 grain figures. 
The variation between species was not significant for Bq ^Sr kg-1 (Table 
5.3.3). 


























*Mean of Kalø and Foulu 




















































































































































































Table 533. Analysis of variance of In Bq ^ Sr kg-1 in grain in 1987 

























Table 53.4. Analysis of variance of In Bq ^Sr (kg Ca)-1 in, 































As in previous years, the variation with location was highly significant; the 
mean Bq ^Sr kg*1 level for grain from Jutland was 2.2 ±0.3 times that in 
eastern Denmark. The observed Bq '"Sr kg-1 levels in grain from 19S7 were 
1.38 ± 0.52 (1 S.D., N = 8) times those predicted (cf. Appendix C). 
Tables 5.3.5 and 5.3.6 show the measurements of 137Cs and ,34Cs in grain in 
1987. Compared with 1986, the 137Cs levels in Danish grain had decreased 
significantly in 1987. However, the decrease was very unevenly distributed. 
The median reduction from 1986 to 1987 was by a factor of 11 (47 paired 
observations). Rye showed a median factor of 73 (8 observations) and oats of 
2.5 (9 observations). Barley and wheat were in between these extremes. 
The 137cs fallout in May-August 1987 was a factor of 65 less than in May-
August 1986. Only the rye levels followed this reduction from 1986 to 1987. 
But rye was also the only species which showed a significant response to the 
early Chernobyl fallout in May-June. Barley, wheat and oats were not so 
developed as rye when the bulk of the Chernobyl fallout arrived, and the 
response to the fallout was thus less than for rye in 1986. 
The ANOVA's (Tables 5.3.7 and 5.3.8) showed significant variation be-
tween locations as well as between species. 
Our prediction models (cf. Appendix C.2) which assume that the radiocesi-
um found in grain is solely dependent upon the fallout coming in May-Au-
gust, overestimated the radiocesium concentrations actually found by a factor 
of 4-12 except for oats from Jutland. 
We do not know why also in 1987 the models overestimated the grain 
levels. We believe that it may be because the resuspended radiocesium does 
not adhere so efficiently to the crops or/and because the resuspended 137Cs is 
less available for translocation than direct global fallout t37Cs (cf. also 4.2.2 
last paragraph). It is also difficult to explain the enhanced 137Cs levels in the 
oats samples from Kalø and St. Jyndevad in 1987. We suppose that "hot" 
resuspended particles may be responsible. 
Cesium-134 was detectable in only a few grain samples in 1987. The mean 
134Cs/137Cs was 0.28 ± 0.04 (± 1 S.D.; N = 10). 
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The theoretical mean ratio in mid-September, when most of the grain was 
harvested, was 0.36, hence 78% of the ,37Cs in the Danish grain in 1987 came 
from Chernobyl. If so, the contribution from global fallout has been 22% of 
the levels in Table 5.3.S or 0.047 Bq l37Cs kg-1 as a mean of the 4 species. 
This is 60% of the mean found in 1985, which does not seem unreasonable. 
In 1981 the fallout rate of 137Cs was 15.4 Bq !37Cs nr2 (Risø-R-469)') and in 
1987 it was 29 Bq 137Cs m-2 or two times more. But the grain levels were on 
the average 6 times higher in 1981 than in 1987. It is thus evident that the 
direct global fallout in 1981 contaminated the grain about 10 times more 
efficiently than the resuspended Chernobyl debris did in 1987. 
5.4. Strontium-90 and Radiocesium in Bread from 
the Entire Country 
In 1986, samples of white bread (75% extraction) and dark rye bread (100% 
extraction) were collected all over the country (cf. Figs. 5.4.1 and 5.4.2) in 
June and December, and ^Sr, ,37Cs and 134Cs were determined. Samples 
from Copenhagen were analysed separately. The ,37Cs determinations were 
carried out on the ash by Ge(Li) -y-spectroscopy. 
Tables 5.4.1-5.4.4 show the results. It is assumed that 1 kg flour yields 
approximately 1.35 kg bread") and that wheat flour of 75% extraction con-
tains 20% of the '"Sr and 50% of the ,37Cs found in wheat grain'>, while rye 
flour is 100% extraction. Hence we can compare the 1987 June bread levels 
with the 1986 grain levels (cf. Table 5.4.5). The above assumptions for trans-
fer of 137Cs and ^Sr from grain to bread seem justified for rye but not for 
wheat. This has in fact been envisaged in Risø-R-437 p. 8621) where it is 
predicted that the transfer from wheat to white bread will increase from 20 to 
33% for '"Sr. The discrepancy for I37Cs on white bread/wheat may be due to 
the import of Chernobyl-contaminated wheat from Southern Europe, where 
the contamination of wheat was higher than in Denmark. 
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Table 5.4J. Strontium-90 in Danish bread collected in June 1987 
Location 
1 North Jutland 
II fas t Jutland 
III West Jutland 




























































Table 5.4.2. Strontium-90 in Danish bread collected in December 1987 
Location Rye bread 
Bq kg-' Bq (kg Ca)' 
White bread 
Bq kg-' Bq (kg Ca)-' 
Mean zones l-VIII 0.22 450 0.088 165 




Bq (kg K ) ' '^Cs 
™Ci 
White bread 
B q k g 1 Bq(kgK) ' '34CS 
™Ci 
I North Jutland 6.8 2600 0.40 0.61 410 0.40 
II East Jutland 8.1 2900 0.39 0.79 510 0.39 
III West Jutland 3.8 1800 0.40 0.66 500 0.40 
IV South Jutland 6.6 2000 0.39 0.50 400 0.35 
V Funen 11.0 3600 0.40 0.81 680 0.40 
VI Zealand 4.8 1580 0.40 0.44 340 0.39 
VII Lolland-Falster 4.7 1650 0.40 0.24 168 0.35 


































































































Fig. 5.4.1. "A'-mms in the 8 zones in Denmark used for diet, meat, bread and 
milk sampUng (these towns were used in 1961-1971 and in 1986-1987). 
I: North Jutland; II: East Jutland; III: West Jutland; IV: Stmtk Jutland; V: 
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Fig. 5.4.2. "B"-towns in the 8 zones in Denmark, used for diet, meat, bread and 
milk samplings (these towns were used in 1961-1972 and in 1986-1987). 
Table S.4.S. A comparison between %Sr and ,37Cs levels in bread (June) and grain 
1987 
Nuclide Species Bread activity 
in June 1987 
calculated as 
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V /l ^ l 
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Fig. 5.4.3. Calcium in Danish bread 1962-1987. (Unit: g Ca kg-1 bread). 
From June to December the 137Cs concentrations in rye bread decreased by 
a factor of 18 while white bread went down by a factor of 2.8. The 9°Sr levels 
were reduced by a factor of 1.1 and 1.6, respectively. 
Figure 5.4.3 shows the Ca-levels in rye bread and white bread since 1962. In 
1986 a significant decrease in the levels began. This is because the Govern-
ment Notice from July 29,1957, in which it was required that creta praeparata 
was added to Danish cereals, has been suspended since 198630). 
5.5. Strontium-90 and Radiocesium in Potatoes from 
the Entire Country 
The samples of potatoes were collected in September from ten of the State 
experimental farms (cf. Fig. 4.2) and analysed for ^Sr, ,37Cs and 13*Cs (7-spec-
troscopy of the ash). 
Table 5.5.1 shows the ^Sr and radiocesium contents in potatoes. The mean 
contents for the country were 0.044 Bq ^ Sr kg"1, or 970 Bq *>Sr (kg Ca>-', and 
0.134 Bq »7Cs kg-1 or 35 Bq 1J7Cs (kg K H The *>Sr levels were 10% higher 
than those in 1986, and the ,37Cs concentrations were 0.7 times the 1986 
values. About 80% of the ,37Cs in Danish potatoes came in 1987 from Cherno-
byl. 
The mean ratio between observed and predicted wSr concentrations in 
potatoes was 0.47 and for l37Cs we found 1.26 (mean of Jutland and the 
Islands) (cf. Appendix C). 
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Table S.5J. Stnmhum-90 and radiocesium in Danish potatoes in 1987 









































































5.6. Strontium-90 and Radiocesium in Vegetables 
and Fruits from the Entire Country 
In 1987, as in previous years, vegetables and fruit were collected in the 
autumn from die 8 zones. The programme was, however, expanded consider-
ably compared to previous years. Tables 5.6.1-5.6.13 show the results. 
Table 5.6.14 shows a calculation of the mean contents of ^Sr and I37Cs in 
Danish vegetables collected in 1987. The ^Sr levels were similar to the 1986 
concentrations. 
The I37Cs concentrations in 1987 were 0.44 times those in 1986. 
The *>Sr concentrations in fruits in 1987 were 1.76 ± 1.50 (±1 S.D.; N = 
7) times those in 1986 and the 137Cs levels in 1987 were 0.061 ±0.034 times 
those in 1986. The mean 134Cs/137Cs of the 7 fruit species was 0.39+0.02 (1 
S.D.X and from July to October when the samples were collected the theoreti-
cal ratio in Chernobyl debris decayed from 0.38 to 0.35. Hence all radiocesi-
um observed in Danish fruit in 1987 apparently came from Chernobyl. 
Table 5.6.1. Strontium-90 and radiocesium in cabbage collected in September 1987 






























































































Bq '^Cs kg-' 
0.103 
0 053 A 
0.085 
0.107 



















TabU 5.6.3. Strontium-90 and radiocesium in beans collected in 
September-October 1987 











































Mean 0.33 760 0.076 36 











































































































Mean 0.24 470 0.143 48 
Table 5.6.6. Strontium-90 and radiocesium in onions collected in 
September-October 1987 
Zone Bq9°Srkg-' Bq »Sr (kg CaH B q ^ C s k g - ' Bq " *Cs (kg K)-' 
I. North Jutland 
II. East Jutland 
III. West Jutland 

























Mean 0.21 810 0.022 11 
Table 5.6.7. Strontium-90 and radiocesium in strawberries collected in July 1987 






































Mean 0.22 1090 0.103 69 0.35 
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Table 5.6.8. Strontium-90 and radiocesium in gooseberries collected in 
July-August 1987 












































Mean 0.23 810 0.41 220 0.40 
Table 5.6.9. Strontium-90 and radiocesium in red currants collected in July 1987 









































Mean 0.26 690 0.37 159 0.38 
Table 5.6.10. Strontium-90 and radiocesium in black currants collected in 
July-August 1987 










































Mean 0.36 610 0.89 330 0.39 
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Table 5.6 Jl. Strontium-90 and radiocesium in raspberries collected in 
July-August 1987 










































Mean 0.169 600 0.189 93 0.43 
Table 5.6. J 2. Strontium-90 and radiocesium in cherries collected in 
July-August 1987 










































Mean 0.085 610 0.58 260 0.39 








































































Table 5.6.14. Calculated ^Sr and ,37Cs mean levels in vegetables in 1987 
Daily intake in g BqSOSrkg 1 Bq »Sr (kg CaH Bq^Cskg-1 Bq ^ Cs i kg K) • 
50 leaf vegetables 
(cabbage) 0.26 540 0.059 24 
30 root vegetables 
(carrot) 0.31 1080 0.060 30 
40 peas and beans 0.40 675 0.072 34 
120 g 0.32 720 0.064 29 
The 1987 levels in Danish fruit were calculated from apples (80%) and 
strawberries (20%). The mean levels in Danish fruit were thus 0.064 Bq ""Sr 
kgr1 and 0.19 Bq 137Cs kg-1. The observed Bq ^Sr kg-1 levels in vegetable* 
and fruit in 1987 were 1.20±0.55 (1 S.D.; N = 5) times those predicted (cf. 
Appendix C). In the case of 137Cs, the observed values were 0.36 ±0.23 times 
the predicted ones. 
5.7. Strontium-90 and Radiocesium in Total Diet 
from the Entire Country 
In 1987 total-food samples representing an average Danish diet according to 
E. Hoff-Jørgensen (cf. Appendix B in Risø Report No. 63') 9 were collected 
from 48 towns, 6 from each of the eight zones (cf. Figs. 5.4.1 and 5.4.2) and 
from Copenhagen. The samplings took place in June and December. 
Tables 5.7.1-5.7.6 show the results. The 9°Sr levels in Jutland was 16% 
higher than those in the Islands in 1987. The ,37Cs levels in Jutland were 
equal to those from the Islands. 
The *>Sr 1987 levels (Bq MSr day-1) (mean of June and December values) 
in the total diet were equal to the 1986 levels, but the Bq 9°Sr (kg Ca)-1 levels 
were nearly 20% higher in 1987 because the Danish diet contained less Ca in 
Table 5.7.1. Strontium-90 in Danish total diet collected in June 1987 
Zone Bq (kg Ca)-1 Bq day-1 cap-1 g Ca day-1 
I. North Jutland 112 0.142 1.27 
II. East Jutland 141 0.195 1.38 
III. West Jutland 124 0.138 1.11 
IV. South Jutland 152 0.180 1.18 
V. Funen 117 0.124 1.06 
VI. Zealand 158 0.180 1.14 
VII. Lolland-Falster 108 0.134 1.24 















Table 5.7.2. Strontium-90 in Danish total diet collected in September 1987 
• • 
Zone 
1. North Jutland 
II. East Jutland 
III. West Jutland 





















Bq day-1 cap-1 








































































































































































































































































1987 than previously (cf. Fig. 5.7.2). This was due to the absence of creata 
praeparata in the bread (cf. 5.4), while the 137Cs levels in 1987 were 0.78 times 
those in 1986. 
From the total-diet sampling v is possible to estimate tic mean levels of 
^St and 137Cs in the Danish diet in 1987. For the period January-March 
1987, the ^Sr level in the total diet is assumed to have been equal to that 
measured in December 1986 (Risø Report No. 549'). For the period April-
September we assume the level to have corresponded to that measured in 
June 1987. In the months October-December we used the December 1987 
figures. Hence the mean content in the total diet in 1987 was 121 Bq MSr (kg 
Ca)-i, or 0.16 Bq *>Sr (<kyH 
Similarly, the 137Cs content in the Danish diet in 1987 w&s estimated to be 
1.93 Bq "?Cs (day)-l or 550 Bq U?Cs (tø K)"1 or 37% higher than in 1986. 
The daily mean intake of 134Cs was 0.78 Bq cap-1 corresponding to a total 
intake of 285 Bq 134Cs in 1987 or 24% higher than in 1986. The observed 
,37Cs fallout level in total diet was 0.25 times that predicted (cf. Appendix 
C.2). 
Figure 5.7.1 shows the zone mean Bq ^Sr (kg Ca)-' levels (not population-
weighted) in total diet compared with the predicted values (cf. Appendix C), 
the observed value was 0.64 times that predicted. 
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Fig. 5.7J. Predicted and observed *°Sr levels in the Danish total diet. The dotted 
curve represents the predicted values for "Diet C (cf. Tables S.7.1 and 5.7.2) and 
the circles are the corresponding observed values. The unbroken curve represents the 
predicted values for "Diet P" (cf. Table 5.9.3), and the triangles the corresponding 
observed values. 
Fig. 5.7.2. Calcium in Danish average diet 1962-1987. (Unit: g Ca day'). 
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5.8. Radionuclides in Meat, Fish, Eggs and Various 
Vegetable Foodstuffs 
5.8 J. Strondum-90 and Radiocesium in Meat 
Pork and beef samples were collected countrywide (cf. Figs. 5.4.1 and 5.4.2) in 
June and December. Tables 5.8.1.1-5.8.1.3 show the results. 
In order to calculate the mean level of '"Sr and radiocesium in Danish meat 
in 1987, we use the means of the June and December samplings. 
Hence the mean 137Cs content in Danish beef in 1987 becomes 5.6 Bq kg-1 
and in pork we get 0.99 Bq 1J7Cs kg-1. It was surprising to see the high l37Cs 
levels in beef in June 1987, because similar high concentrations were not 
observed in milk (cf. 5.1 and 5.2). We believe that meat has been imported 
from more contaminated parts of Europe. Compared to 1986 the 137Cs level in 
beef increased by a factor of 2.7 and that in pork by a factor of 1.4. The 
difference between beef and pork levels reflects the differences in the conta-
mination of grass (cow fodder) and grain (pig fodder). The Chernobyl contri-
butions of 137Cs were 95% for beef and 85% for pork. The 134Cs mean concen-
trations were 2.1 Bq kg-1 beef and 0.32 Bq kg-1 pork. Beef contained 0.0152 Bq 
*>Sr and pork 0.007 Bq *>Sr kg~» in 1987. 
Table 5.8JJ. Strontium-90 in countrywide-collected beef and pork in 1987 

















Table 5.8.1.2. Radiocerium in beef and pork collected countrywide in Denmark in 
June 1987 
Beef Pork 
Zone B q ^ C s Bq137Cs l£fCj Bq ^ C s P^137CG ^ C S 
kg-1 (kgKH ^ C s kg-1 
I. North Jutland 3.1 1170 0.35 0.47 
II. East Jutland 16.9 6000 0.40 2.2 
III. West Jutland 4.6 1650 0.38 1.26 
IV. South Jutland 7.0 2300 0.38 2.1 
V. Funen 5.4 1730 0.39 1.32 
VI. Zealand 7.6 2900 0.40 0.74 
VII. Lolland-Falster 12.6 3900 0.38 0.73 










































Table 5.8.1.3. Radwcesium in beef and pork collected countrywide in Denmark in 
December 1987 
Zone 
1. North Jutland 
II. East Jutland 
III. West Jutland 
IV. South Jutland 
V. Funen 
VI. Zealand 
VII. 1 olland-Falster 
VIII. Bornholm 
Mean 




































































The mean ratio between observed and predicted (cf. Appendix C) 1,7Cs 
levels in beef was 2.04 and for wSr the mean ratio was 0.43. In pork, the ratios 
were 0.05 and 0.26 respectively. 
5.8.2. Radionuclides in Fish and Mussels 
Fish samples were collected in the North Sea and in inner Danish waters. 
Vables 5.8.2.1-5.8.2.2 show the results. The mean levels were 0.014 Bq "Sr 
kg-1 and 4.7 Bq ,37Cs kg-', ie. unchanged from 1986. 
The mean l37Cs content in fish from Cattegat was 2.5 times that in fish 
from the North Sea; the contribution from Chernobyl was 42% in the North 
Sea fish while it was 64% in the fish from Cattegat. Hence the l37Cs Cherno-
byl concentrations in Cattegat fish became 6.7 x 0.64 = -.3 Bq kg-1 and in 
North Sea fish 2.7 x 0.42 = I.I3 Bq kg-'. This implies chat the mean 
content of non-Chernobyl ,37Cs in Danish fish from 1987 became 2.0 Bq kg'1, 
which is 25% higher than the estimate for 1986. 
The non-Chernobyl l37Cs in fish from Danish waters has two main sour-
ces: discharges from nuclear reprocessing plants (Sellafield in U.K. and La 
Hague in France) and global fallout. For 1986, ••- estimated that 1 Bq 137Cs 
kg-1 fish came from reprocessing; a similar level is anticipated for 1987. 
Table ' H.2.1. Strontium-90 in fish collected in Danish waters in 1987 (samples 








September Pik3 (total fnh) 
Mean (Pike excluded) 
Flesh 
Bq90Sr 
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Table 5.8.2.4. Radiocesium in Mytilus edulis, soft part, collected in 1987. 




% dry matter 
4 0 K * 
'37CS 
















Table $.8.2.5. Radiocesium in fresh water fish caught in the middle of May 1987 in 
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In Fig. 5.8.2 we have shown the radiocesium levels in eels caught at Oscar-
shamn, Sweden in the Baltic Sea since April 1986. Since the Chernobyl 
accident the total 137Cs has increased by a factor of 7.7 (December 1987). The 
significant increases occurred from December 1986 to April 1987 and from 
August 1987 to November 1987. In June 1986 the Chernobyl 137Cs was 40% of 
the total 137Cs in eels; in December 1987 it had increased to 94% (cf. also 
Table 5.8.2.3). Table 5.8.2.4 shows the radiocesium content in blue mussels. 
The mean level was about 1 Bq 137Cs kg-1 fresh weight. 
In Table 5.8.2.5, analyses on fresh water fish caught in two Danish lakes in 
North Zealand are reported. The high concentrations are remarkable. The 
levels are an order of magnitude higher than those seen in marine fish. It is 
also remarkable that only 84 ±9% (±1 S.D.; N = 10) of the »7Cs in fresh 
water fish camr from Chernobyl. In other words, there is a fallout back-
ground on 9±6 (±1 S.D.; N = 10) Bq 137Cs kg-1 fish in Esromsø and 
Arresø. 
Although fresh water fish are among the highest contaminated food pro-
ducts in Denmark, this has no significant impact on the human intake of 
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Fig. 5.8.2. Cesium-137 in eels from the Baltic Sea (Oscarshamn, Sweden) 1986-
1987. (Unit: BqMCskr1). 
5.83. Strontium-90 and Radiocesium in Eggs 
Eggs were collected countrywide in June 1987. The ^Sr and 137Cs concentra-
tions were a little higher than in 1986. 
The observed ^Sr levels in eggs were (cf. Appendix C) 1.67 times those 
predicted. In 1986 the effect was reversed, which shows that our prediction 
model for 137Cs in eggs has significantly underestimated the importance of 
the deposition of 137Cs in the year when the eggs arc produced and, on the 
other hand, overestimated the importance of the deposition in the previous 
year. 










Denmark 0.020 36 0.185 143 0.36 
5.8.4. Strontium-90 and Radiocesium in the Variety of Vegetable Food 
The spring vegetables and fruits are imported from other European countries 
to some extent. Table 5.8.4 shows the analysis on these samples. It appears 
that most of the samples have been very low in radiocesium. Relatively high 
concentrations './ere observed in apples and pears from Italy and in peaches 
from Greece. Samples of wine were also measured; they all contained less 
than 1 Bq ,37Cs 1-', but the "Chernobyl signal" was present in 2 samples of 
five. 
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Table 5.8.4. Radiocesium in various imported fruits and vegetables (and wine) 

















































































































































































5.9. Estimate of the Mean Contents of 90Sr and 
Radiocesium in the Human Diet in Denmark in 1987 
5.9.1. The Annual Quantities 
The annual quantities are calculated by multiplying the daily quantities by 
365 (as Stated by E. Hoff-Jørgensen, cf. Risø Report No. 63, Table B1)). 
5.9.2. Milk and Cream 
The wSr and B7Cs contents per kg milk weie calculated from the annual 
mean values for dried milk (cf. Tables 5.1.1 and 5.1.3). 1 kg fresh milk ~ 1 1 
milk, containing approximately 1.2 g Ca and 1.66 g K. Hence the mean 
contents in milk were 0.071 Bq ^ Sr kg-' and 0.60 Bq ,37Cs kg"5. 
90 Risø-R-563 
5.9 J . Cheese 
One kg of cheese contains approximately 8.5 g Ca and 1.2 g K. The ^Sr and 
B7Cs contents in cheese were calculated from these figures and from the 
*>Sr/Ca and ^Cs/K ratios in dried milk (cf. Tables 5.1.1 and 5.1.3). One kg of 
cheese appeared to contain 0.50 Bq ^Sr and 0.43 Bt; 137Cs. These levels are 
lower than those reported from direct measurements of cheese (Table 5.3), 
but these cheese samples do not represent the countrywide mean. 
5.9.4. Grain Products 
Tables 5.9.1 and 5.9.2 show the estimates of ''•Sr and 137Cs, respectively, in 
grain products consumed in 1987. From these tables, the activity levels in 
grain products were estimated at 0.228 Bq "Sr kg-1 and 3.20 Bq 137Cs kg-1. 
Table 5.9.1. Estimate of the wSr content in grain products consumed pro capite in 
1987 
Fraction from harvest 1986 Fraction from harvest 1987 
Type Total 
kg flour Bq kg-1 Bq kg flour Bq kg - 1 Bq Bq 
Rye flour 


























Table 5.9.2. Estimate of the 137Cs content in grain products consumed pro capite in 
1987 
5.9.5. Potatoes 

















































Table 5.6.15 shows the calculation of ^Sr and ,37Cs in Danish vegetables 
consumed in 1987. The mean contents were 0.32 Bq ^Sr kg-1 and 0.064 Bq 
»7Cskg-i. 
5.9.7. Fruit 
The levels in imported fruit in 1987 are assumed to be equal to the mean 
levels found in oranges and bananas collected in Copenhagen in 1986, i.e. 
0.067 Bq '"Sr kgr1 and 0.068 Bq 137Cs kg"1. The mean levels in Danish fruit 
(cf. 5.6) in 1987 were 0.064 Bq *>Sr kg-1 and 0.19 Bq 137Cs kg-1. The daily mean 
consumption of fruit consisted of 100 g of Danish and 40 g of foreign origin. 
Hence the mean contents in fruit »?re 0.065 Bq '•'Sr kg-1 and 0.16 Bq 137Cs 
kg-1-
5.9.8. Meat 
The annual mean values of ^Sr and 137Cs in meat were calculated from 5.8.1: 
0.010 Bq 9°Sr kg"1 and 2.53 Bq I37Cs kg-'- (In a Danish diet, meat comprises 
2/3 pork and 1/3 beef.) 
5.9.9. Fish 
The ^Sr and 137Cs contents are estimated from 5.8.2 at 0.014 Bq ^ Sr kg-1 and 
4.7Bq137Cskg-1-
5.9.10. Eggs 
The contents of activity in eggs were estimated from 5.8.3. The levels were 
0.020 Bq *>Sr kg-1 and 0.185 Bq l37Cs kg-i. 
5.9.11 Coffee and Tea 
One-third of the total consumption consists of tea and two-thirds of coffee. 
We use the mean contents from 1986 (5.8.4): 0.41 Bq ^Sr kg-1 and 1.29 Bq 
^Cskg-"). 
5.9.12. Drinking Water 
The ^Sr mean level found in drinking water collected in June 1987 (4.3.3) 
was used as the mean level for drinking water, i.e. 0.54-10-3 Bq ^ Sr kgr1. The 
137Cs content in drinking water was measured to be 0.06-10-3 Bq kg-1. 
5.9.13. Discussion 
Tables 5.9.3 and 5.9.4 show the estimates of ^ Sr and B7Cs in the Danish diet 
in 1986. The figures should be compared with the levels calculated from the 
total-diet samples (cf. 5.7). The 9°Sr estimates obtained by the two methods 
(cf. also Fig. 5.7.1) wwre 124 Bq (kg Ca)-1 and 121 Bq (kg Ca)-1, respectively, or 
0.16 and 0.16 Bq *>Sr (day)"1, and the 137Cs estimates were 1.62 Bq 1J7Cs (day)-1 
and 1.93 Bq 137C* (day)"1. 
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Table 5.9.3. Estimate of the mean content of^Sr in the human diet in 1987 
Type of food 





















































Percentage of total 












The mean Ca intake was estimated at 0.47 kg y~T (approx. 0.1 kg creata 
praeparata). Hence the ^Sr/Ca ratio in total diet was 124 Bq ^Sr (kg Ca)~1 
(3.4 S.U.) in 1987. 
Table 5.9.4. Estimate of the mean content of,37Cs in the human diet in 1987 
Type of food Annual Bq 137Cs Total Percentage of total 
quantity per kg Bq 137Cs Bq 137Cs in food 
in kg 
























































As the approximate intake of potassium was 1.365 kg y-1 the 137Cs/K ratios 
were 424 Bq 137Cs (kg K)~1 or 11.5 M.U. in 1987. 
The ratio of the observed to the predicted (cf. Appendix C) diet levels was 
0.75 for *>Sr and 0.15 f o r c e s . 
The relative contribution of ^ Sr from milk products was 28% in 1987. The 
contribution from potatoes, other vegetables, and fruit was 35%, and that 
from cereals was 31%. The relative contribution of 137Cs in the total diet 
changed from 1986 to 1987 as follows: milk products (37 to 17%), grain pro-
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ducts increased from 18 to 43%, and meat from 13 to 24%. Fruit decreased 
from 14 to 1% and has thus been the diet group which was relatively most 
influenced by the Chernobyl debris. Fish contributed 9% to the total 137Cs 
intake in 1987. 
5.10. Grass and Fodder Samples 
5.10.1. Grass Collected Around Risø 
Table 5.10.1.1 shows the 90Sr content in grass ash from Zealand in 1987. The 
mean *>Sr activity was 17.8 Bq ""Sr (kg ash)-1, or 400 Bq >°Sr (kg Ca)1, i.e. the 
1987 level was approximately 3/» of the 1986 level. Figure 5.10.1 shows the '"Sr 
concentration in grass since 1957. The ratio of the observed to the predicted 
(cf. Appendix C.l) ^Sr levels in grass in 1987 was 0.49. 
Figure 5.10.2 shows the variation of the 137Cs in Risø grass since Chernobyl. 
In May we see a steep decrease mainly due to growth dilution. From June 
1986 to March 1987, the levels were rather constant around 10 Bq 137Cs kg-' 
fresh weight; since May 1987 the levels have decreased to about 0.5-1 Bq 137Cs 
kgr'(cf. also Table 5.10.1.2). 
Table 5.10.1.1. Strontium-90 in grass from Zealand, 1987 













Mean 17.8 400 




























(n = 1) 
(n = 3) 
<n = 1) 
(n = 1) 
(n = 1) 
(n = 4) 
(n = 4) 
(n = 2) 
(n = 3) 
(n = 1) 
The error term is ± 1 S.E. of the 
Bq ™Cs m-2 
0.29A (n = 1) 
4.7 ±2.5 (n = 3) 
1.54 (n = 1) 
2.2 (n = 1) 
0.94 (n = 1) 
0.47 ±0.0"' (n = 4) 
0.48±0.06 (n = 4) 
0.28±0.05 (n = 2) 
0.29±0.10 (n = 3) 
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Fig. S JO J. Quarterfy *>Sr levels in grass, 1957-1987. 
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Fig. 5.10.2. Cesium-137 in grass samples collected at Risø, Denmark in the period 
April 1986 - December 1987. 
5.10.2. Radionuclides in Grass Collected at the State Fxperimental Farms 
Grass samples were collected countrywide in July and September 1987 at the 
10 State experimental farms (Tables 5.10.2 - 5.10.3). The grass samples from 
the State experimental forms (Table 5.10.2) show that about 95% of 137Cs came 
from Chernobyl. The large variations between the two samplings for the same 
locations suggest that some samples may have contained hot particles deposi-
ted on the grass by resuspension. 
The contribution from root uptake is presumed to be of minor importance. 
Figure 5.10.3 shows the median 137Cs levels in Danish grass collected coun-
trywide since the Chernobyl accident. 
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Table 5J0.2. Radiocesium in grass collected at the State experimental farms in 1987 
(fresh weight samples) 
July September 
Location Bq 137Cs 134Cs gK Bq137Cs 134Cs g ". 
k g ' m 2 137Cs kg-1 kg-i rrr* l37Cs kg ' 
Tylstrup 1.62 2.1 0.45 5.8 0.83 0.43 6.7 
Kalø 0.48 A 0.24 A 4.5 1.25 0.66 5.4 
Borris 5.4 3.0 0.34 4.4 0.28 A 0.18 A 5.8 
Askov 4.7 5.3 0.35 4.0 2.81 1.70 0.33 5.4 
St. Jyndevad 1.61 1.41 0.32 4.5 0.58 0.38 0.32 A 7.0 
Årslev 0.50 0.45 0.40 A 6.0 0.78 0.78 0.38 4.6 
Tystofte 0.18 A 0.23 A 4.8 0.71 0.39 0.30 5.5 
Ledreborg 0.28 A 0.21 A 6.3 0.34 0.34 5.4 
Abed 0.26 A 0.20 A 7.2 0.174 A 0.105 A 8.1 




























Table 5.10.3. Strontium-90 in grass collected at the Ltate experimental favns in 
























































If we compare the grass 137C$ levels in September 1987 with those in 1986 
we observe a decrease by a factor of two (Fig. 5,10.3). In the same period the 
deposition decreased by a factor of six. This may indicate that the grass 
received a significant part of its ,37Cs through root uptake. It may, however, 
also be due to a higher resuspension to the grass than to the higher (1 m 
above ground level) situated rain collectors. 
Table 5.10.3 shows the *°Sr grass levels at the 10 State experimental farms. 
Compared with last year's results the concentrations in 1987 were 2.0±0,6 
(±1 S.E.;N - 10)(Bqkg-i)or 1.49±0.27(Bq(kgCa)->) times higher. 
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Fig. 5.10.3. Cesium-137 nudum valses in grass from the 10 Danish State experi-
mental farms 1986-1988. 
5.10.3. Straw, Beet*, and Beet Leaves in 1986 and 1987 
Tables 5.10.3.1-5.10.3.3 show a general decrease in the ,37Cs levels from 1986 to 
1987. The decrease varied from a factor of 4 in straw to a factor of 1.5 in beets. 
Compared with grain (mean of all means in Table 5.3.5) the straw 137Cs 
mean level was 2 times higher in 1986 and 7 times higher in 1987. The *>Sr 
concentrations were 11 times higher in straw than in grain in 1986 as well as in 
1987. Earlier we have assumed, based on experimental evidence, that straw 
contained two times higher 137Cs and 10 times higher ^Sr concentrations 
than grain. The slower decrease of the 137Cs concentrations in straw compared 










for a significant part of the contamination of straw in 1987. This contamina-
tion has not been fully available for translocation to the grain, and the grains 
have thus contained relatively lower levels than expected from the measured 
deposition (cf. also the discussion in 53). 
We may compare the radioactivity levels (Bq kg-1) in beets with those in 
potatoes in 1986: l37Cs bects/^Cs potttoes = 0.99 ±0.57 (±1 S.D.; N = 8) 
and in 1987: 0.73±0.52 (±1 S.D.; N = 9). In the case of »Sr, the ratios of 
beets to potatoes became: 11 and 13, respectively. 
In a similar way beet leaves may be compared with cabbage. For ,J7Cs, the 
ratios became 2.5 in 1986 and 2.9 in IS "7. For *>Sr the ratios were 2.5 and 2.1, 
respectively. We couclude that beets may be compared with potatoes and beet 
leaves with cabbage as regards I57Cs and "'Sr contamination. 
Table 5J0.3.I. Radioceium and Stnmtium-90 in straw collected at the state experi-
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Table S.103.1. Radiocesium and strontum-90 in beets collected at the State experi-
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Tabk 5J0-33. Radiocesmm and stmmimm-90 in beet leaves collected at Ae State 













































































5.11. Sea Plants 
5.11.1. Sea Plaats Collected ia leduMe Fjord 
Figure S.ll.l shows the Bq ">& (kg Ca)-> levels in sea plants since 1959 and 
Table 5.11.1 the results for 1987. The mean level in Fucus vesiculosus was 
230 Bq *Sr (kg Ca)-' (5.3 Bq kg-1 dry weight). We got no samples of Zostera 
marina in 1987. The mean ratio of obseived to predicted "Sr levels in mens 
; 0.54 (c£ Appendix C I ) . 
Focus contained 24 Bq ,37Cs kg~> dry weight, i.e. 10% more than in 1986. 
Table S.ll.l. Smmtwm-90 and radiocesium in Fnats veskulosus from Roskilde 
Fjord m 1987 
Location 
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Fig. 5J1J. Strontium-90 in sea plants from Roskilde Fjord, 19S9-1987. 
5.1L2. Sea Plants Collected at Klint (55*58***, U°35'E) 
The two Fucus species most often found in Denmark, Fucus vcsiculosus and 
Fucus serratus, had been collected monthly to test the difference between the 
two species and to get data of the important seasonal variation. All samples 
have been analysed for -y-emitting radionuclides (Table 5.11.2). 
Contran to last year's observations, Fucus serratus did not contain signif-
icantly higher ^ Co concentrations than Fucus vesiculosus. 
Table S.11.2. Radionuclides in Fucus vesiculosus (Fu.ve.) and Fucus serratus 
(FUM.) collected at Kim (SS0S8'N, IWE) in 1987. (Unit: Bq kg-' dry maner) 
Species Date soCo 13?Cs 
106Ru "0™Ao 
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Fig. SJ1.2. Cesum-137 and cesium-134 (lower aave) in Fucus veskulosus and 
Fucus serratus from April 1986 to November 1987 collected at Klint, Zealand 
(5StS8'N,ir3S'E). 
There was no significant difference between the 137Cs levels in the two 
fucoids. 
From July to December, the levels decreased again by a factor of 1.4. This is 
not in agreement with the constant levels in water in this period (cf. Fig. 
4.4.9). 
The observed ratio: Bq ,37Cs kg-1 Fucus dry weight/Bq i^Cs H sea water 
was 260 from June to December 1987, which concurs with observations in 
earlier years in southern Cattegat11). 
5.1L3. Sea Plants Collected in Danish Waters 
Apart from the Klint and Roskilde Fjord collections, 7 other locations were 
examined in 1987 (cf. Table 5.11.3 and Fig. 5.11.3). 
The Anovas (Tables 5.11.4 and 5.11.5) show no significant interaction be-
tween locations and month for 134Cs, but probably for *°Co. The local pattern 
for 134Cs was compatible with the source being Baltic sea water. The highest 
concentrations were seen at Strøby Egede in southeast Zealand and the lowest 
at Klint in northwest Zealand. In case of 60Co the local pattern was consistent 
with Barsebsick and perhaps to some extent Ringhals as sources. The highest 
levels were seen at Gilleleje in northeast Zealand and the lowest at Mullerup 
in southwest Zealand (in Lolland-Falster in Nysted, no *°Co was observed). 
Risø-R-563 101 
Table 5.11.3. Radionuclides in Fucus vesiculosa (Fu.ve.) and Fucus serratus 
(Fu.se.) collected in Danish waters in 1987 
Location 
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Radiocesium in Fucus vesiculosus and 
Fucus serratus. May - Nov. 1987 
7°E 8°E 9°E 10°E 11°E 12°E 13°E U°E 15°E 16°E 
Fig. 5.11.3. Ceshm-137 and mCsP*>Cs (lower figure) in Fuaa vesiculosus and 
Fucus serratus collected in May-November 1987 along the Danish coasts. (Unit: Bq 
hf* dry weight) 
Table 5.11.4. Analysis of variance of In Bq "Ks kg-' d.w.fiuoids (Tables 5.11.2 and 





























Table SJI.S. Analysis of variance of In Bq ^ Co kg-1 d.w.fucoids (Tables 5.11.2 and 


























> 9 9 % 
> 99.95% 
> 97.5 % 
S.12. Moss and Lichens 
In the total lichen layer at Oustrup Heather (Table 5.12.2) the Chernobyl 
I37Cs decreased from 1150 Bq nr2 in June 1986 to 837 Bq or2 (0.571470) in 
August 1987 corresponding f> an effective half-life of 2.6 years. The global 
fallout 137Cs decreased in the same period from 1150 Bq nr2 to 633 (1470-
837) Bq m-2, i.e. corresponding to an effective half-life of 1.35 years. i r we 
considered the top layer only, the Chernobyl I37Cs decreased from 1010 Bq 
m-2 to 710 Bq m-2 (~ effective half-life: 2.3 years) and global fallout changed 
from 240 to 120 (~ half-life: 1.17 years). In the bottom layer, the global 
fallout 137Cs changed from 900 Bq nr2 to 560 Bq m~2 (~ half-life: 1.7 years). 
Hence the old global fallout 137Cs disappeared more rapidly than the Cherno-
byl 137Cs, which may be due to resuspension of Chernobyl n7Cs, which has 
added extra I37Cs to lichen from 1986 to 1987. 
If we take a look at the Skagen samples, we observe an increase in Cherno-
byl 137Cs from June 28,1986 to September 17,1987 (Table 5.12.1) from 380 
Bq nr1 to 440 Bq nv2. The deposit from June 1986 to September 1987 in 
North Jutland (Tylstrup) was ~ 85 Bq ~2. If we subtract this deposition from 
the observed mean in 1987 we get 355 Bq or2. The half-life corresponding to 
a decrease from 380 to 355 in 15 months is 12.7 years. This is in agreement 
with the observations of Mattsson in Lapland26). If we look at the global ,37Cs 
fallout in the Skagen samples, it becomes 24 Bq nr2 in 1986 and 26 Bq nr2 in 
1987, i.e. no significant decrease. We are thus forced to conclude that the two 
sets of samples from Oustrup Heather probably have not been collected at the 
same location in 1987 as in 1986. Consequently, the calculated half-lives are 
not correct. It would also have been difficult to explain the very rapid de-
crease of global fallout 137Cs in lichen because such a decrease would have 
been incompatible with the actual deposition of global fallout in Denmark. 
Table 5.12.J. Radionuclides in lichen and moss collected in Denmark in 1987 
Stmpl* lOCMion 
M o u Bornholm 
Lichen Bornholm 
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Table 5.12.2. Radwcesium in lichen (Cladina Portentosa) collected at Oustrup 
Heather August 26,1987, by Ulrik S&hting, Institute of Sporeplants, University of 
Copenhagen 












Bottom layer No. 1 
Bottom layer No. 2 
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Bottom layer No. 4 




























































xTop ±1 S.D. 
x Bottom ±1 S.D. 






630 ±340 2.7 ±2.1 










The highest deposit was observed in the sample from Nymindegab collec-
ted on October 9,1987 (Table 5.12.1). This sample also showed measurable 
amounts of 242Cm: 3.2 Bq nr2, decay corrected to April 26,1986; this would 
have been 30 Bq nr2. The observed M2CmP2«Pu in Chernobyl debris on 
April 26,1986 was 10.6»>. Hence the calculated "V^Pu deposit from Cher-
nobyl at Nymindegab becomes 30/10.6 - 2.8 Bq nr2 or 42% of the plutonium 
in the lichen sample, whereas nearly 100% of the IJ7Cs came from Chernobyl. 
The MSr in the sample may also have been entirely from Chernobyl be-
cause the ttSr/^Cs was 0.002, which was 10 times less than in Chernobyl 
debris. It is well known26) that the effective half-life of ^ Sr in lichen is nearly 
an order of magnitude less than that of 137Cs. It is thus not surprising if the 
MSr levels had decreased more rapidly than the 137Cs levels. 
The lichen (and moss) samples (Table 5.12.1) also make it possible to 
estimate the original Chernobyl fallout of 110mAg and ,25Sb relative to that of 
l37Cs. The fallout of 110mAg becomes 1% of the >'7Cs fallout and that of ,25Sb 
is 3%. 
6. Strontium-90 and Radiocesium in 
Humans in 1987 
6.1. Strontiuin-90 in Human Bone 
(by A. Aarkrog) 
The collecting of human vertebrae from the institutes of forensic medicine in 
Copenhagen and Århus was continued in 1987. As in the total-diet survey (cf. 
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Table 6.1J. Strontium-90 in vertebrae from newborn children 
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Table 6.1.3. Strontium-90 in bone from children and teenagers (•& 19 years) in 
1987 




Table 6.1.4. Strontium-% 


























Table 6.7.5. Strmtium-90 in vertebrae from adults (> 29 years) in 1987 



















































































































































Table 6.1.6. Strontium-90 in human vertebrae collected in Denmark in 
(Unit:Bq(kgCa)-') 





(£ 4 years) 
Children 
(s 19 years) 
Adults 
(s 29 years) 
Adults 






















5.7), the country was dividH into eight zones. The samples were divided into 
five age groups: newborn *, ;-19 years), adults ( s 29 years), and adults (> 29 
years). 
Tables 6.1.1-6.1.5 show the results for the five groups. The '•'Sr concentra-
tions in human bone collected in 1987 were nearly unchanged from those 
observed in 1979-1987. 
The observed mean concentration in adults (2 30 years) was 0.58 times 
that predicted (cf. Appendix C). 
Fig. 6.1.1. Strontium-90 leveh (sample number weighted mean) in bone from new-
born (<1 month) 1961-1987. 
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Fig. 6.1.2. Strontium-90 levds (sample number weighted mean) in bone from mfants 
(> 1 month 2 4years) 1962-1987. 
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Fig. 6J.3. Strontium-90 levels (sample number weighted mean) in bone from child-
ren (> 4years £ 19 years) 1961-1987. 
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Fig 6.1.4. Strontium-90 levels (sample number weighted mean) in bonefiom adults 
(> 19 years £ 29years) 1961-1987. 
Fig. 6.1.5. Strontium-90 levels (sample number weighted mem) in bonefiom adults 
(> 29 years) 1961-1987. 
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Fig. 6.1.6. Savntmm-90 in human bone from Danish cohorts 1960-1966. Abscissa: 
agt in years. Ordinate: bone level in Bq "Sr (kg Cåjr1. 
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62. Radiocesium in the human body 
by J. Søgaard-Hansen and B. Lauridsen 
Whole-body measurements were initiated at Risø in Jury 1963 (cf. 2.3 in Risø 
Report No. 8S»X A control group from the Health Physics Department was 
selected and was measured three rimes a year. 
However, due to the decreasing IJ7Cs content in the body, the contribution 
from interfering radionuclides to the -y-spectra has made the determination of 
,wCs unreliable, and since 1978 we have not published whole-body measure-
After the Chernobyl accident, the whole-body measurements were resu-
med. The control group was essentially the old one but a few newcomers were 
added so that the group consisted of about 20 persons, among them a few 
children. 
In Figure 6JJ the monthly mean raracs of 134Cs-»- IJ7Cs body content are 
shown fer men, women, and children. The figure, furthermore, shows the 
calculated levels based upon the intake of radioccsium with food. In Figure 
62J2, we omitted those person in the control group who had been on official 
travel to countries with relatively high contamination levels. It appears that 
the calculated levels are in good agreement with those observed. The mean 
concentration in the period January 1987 - December 1987 was 2210 Bq I34Cs 
+ '»Cs (kg KH (relative S £>.: 7%)L 
Fit- &2-1- A comparison ocmwm obstntd (±1 S.E.) tmd calcuLatd") Bq 137Cs 
(kgK)-1 IfMb m persons from tin Islands. 
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Risø-R-563 113 
Table 6.2. Radiocesium (134+l37Cs) in humans from Rist and environment measu-
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An approximate estimate of the 137Cs content may be obtained 
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Fig. 6.2.2. Radiocesium in Danish men, women and children from Zealand in 
1986-1987. The ,37Cs content is approx. 0.8 times the total radiocesium (,34Cs + 
,37Cs). The curves represent die calculated levels hosed upon diet measurements (cf. 
Fig. 6.2.1). 
63. Radionuclides in Human Milk 
byA.Aarkrog 
The mean diet l37Cs and wSr levels in Copenhagen in the first half of 1987 
was estimated from the diet samplings in December 1986 (Risø-R-549)» and 
in June 1987 (cf. 5.7). The means of these two samplings were 1.87 Bq 137C$ 
day-' and 0.13 Bq "Sr day-'- The means of the cracentrations in human milk 
were 0.43 ± 0.02 Bq ^ Cs H (± 1 S.E.; N - 5) and 0.003410.0017 Bq *»Sr H 
(±1 S.E; N = 2). If we assume that the milk donon diet was represented by 
the diet sampling in Copenhagen, we estimate that 23% of the daily diet 
intake of ,37Cs were excreted in 11 human milk and 2.6% of the *Sr. These 
figures are in agreement with earlier observations on global fallout21). The 
iMCs/^Cs shows that all radiocesium in the human milk samples were from 
Chernobyl. 
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Table 6.3. Radiocesium and wSr in human milk collected in Copenhagen in 1987. 




































6.4. Radiocesium in Urine Samples 
Table 6.4. shows the radiocesium content in urine from a control group at 
Risø. The Chernobyl radiocesium appeared in the sample from October 1986 
and has since then shown an increasing trend. Figure 6.4 shows that the 
radiocesium in diet has been decreasing since December 1986, but whole-bo-
dy measurements show increasing levels as the urine samples Fig. 6.4 sug-
gests that Bq l37Cs (kg K)-1 in urine samples are proportional to the body 
levels. The mean ratio between human and urine was 3.6±0.76 ( ± 1 S.D.; N 
= 8). 
Fig. 6.4. Radiocesium (Bq ,37Cs (kg Kf) in diet, urine, and humans from Zealand 
in 1986-1987. (The human data were calculated fiom whole-body measurements of 
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7. Tritium in the Environment 
by Heinz Hansen 
7.1. Introduction 
Tritium is produced naturally in the atmosphere by the interaction of cos-
mic-ray protons and neutrons with nitrogen, oxygen or argon. Surface waters 
contain about 0.4 kBq m~3 from this source25). Tritium is also produced and 
injected into the stratosphere as the result of thermonuclear explosions. At 
present, this latter source has enhanced the natural inventory by about a 
factor of ten25). Finally, tritium is produced as a by-product of the peaceful 
uses of atomic energy: it is released both during reactor operation and fuel 
reprocessing. 
7.2. Assay of Tritium in Low-Level Amounts 
The present assays of tritium levels in water are based on a relative enrich-
ment of 3H 20 by electrolysis and subsequent liquid scintillation counting as 
previously described (Risø Reports Nos. 386 etc.1). 
We have found that the tritium background in the air in our laboratory 
makes it impossible to produce reliable results if the concentrations are below 
2 kBq m~3. (Personal Communication G. Ostlund, 1984). Hence we have 
discarded such results. We have furthermore applied a background correction 
by subtraction of 1.2 kBq 3H nr3 from our measured values (cf. Appendix E 
in Risø-R-527»). 
7.3. Summary of Results 
The tritium results are shown in detail in the chapters where the samples 
belong. 
Tables 4.2.3.1 and 4.2.3.2 give the results for precipitation. The annual 
mean concentrations in rain in 1987 were: 5.3 kBq nr3 at Risø, 1.9 at Tyl-
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strap, 1.2 at Jyndevad, and 1.6 at Bornholm. The concentrations at Risø were 
approx. 1.7 times those observed in 1986, and so were the tritium levels at the 
3 experimental farms. The enhanced tritium levels at Risø were due to dis-
charges of the DR 3 reactor at the site. We have no explanation for the higher 
tritium concentrations in precipitation in 1987, but laboratory contamination 
may not be excluded. The median concentration of tritium in Danish ground 
water (cf. Table 4.3.1) was 1.8 kBq 3H m -3 or approximately 3 times the 1986 
level. 
The tritium concentrations in Danish streams and lakes wsre 1.8 and 1.7 
kBq nr3, respectively (Table 4.3.2), i.e. nearly the same as in 1986. Danish 
drinking water contained 0.7 kBq 3H nr 3 in 1987 (Table 4.3.3). 
8. Measurements of Background 
Radiation in 1987 
by L. Bøtter-Jensen and S.P. Nielsen 
8.1. Instrumentation 
Measurements of the background radiation were made with thermolumines-
cence dosimeters (TLD's), and a Nal(Tl) detector. 
8.2. State Experimental Farms 
The State experimental farms are situated as shown in Fig. 4.2. The results of 
the TLD measurements are shown in Table 8.2.1. The results of the NaI(Tl) 
detector measurements are shown in Table 8.2.2. At the Askov location we 
still see an external gamma-ray component from the Chernobyl contamina-
tion. 
The -y-background measured with the Nal(Tl) detector in four groups of 
sampling stations is shown in Fig. 8.2.1 from 1962 to 1987. 
Table 8.2.1. TLD-measurenunts of the background radiation (integrated over 12 
months and normalized toiiRh-tyat the State experimental farms in 1986/87 





















Table 8.2.2. Terrestrial exposure rates at the State experimental farms measured 


















































were calculated from VAR312'. 
Fig. 8.2.1. Terrestrial exposure rates at the Stau experimental farms in 1962-1976 
and 1978-1987 measured with the Nal(Tl) detector (u.R rr1). 
Akirkeby/TorabygSrd 
Abed, Blangstedgård/Årslev, Tystofte 
- — Virumgård/Ledreborg, Ødum/Kalø, Tylstrup 
— — Jyndevad, Askov, Studsgård/Borris 
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83. Risø Environment 
The five zones around Risø are located as shown in Fig. 8.3.1. The results of 
the TLD measurements are shown in Table 8.3.1, and the results of the 
NaI(Tl) detector measurements are shown in Table 8.3.2. 
Table 8.3J. TLD-measurements cfthe background radiation (7-month integration 







































































































Tablt 83.2. Terrestrial exposure rates at the *<«# zones in 1987 measured with the 
N*I(Tt) detector (\Jlh-i) 








































































































































Mean 4.9 5.4 
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Fig. 83J. The environment of Risø. Locations for measurements of the background 
radiation. 
8.4. Gylling Næs Environment 
The Gylling Nas environment (a potential nuclear power plant site) is routi-
nely monitored with TLDs, and the results from the site are given in Table 
8.4.1. The locations are shown in Fig. 8.4.1. 
Table 8.4.1. TLD-measurements of the background radiation (integrated over 
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Fig. 8.4J. The environment of Gylling Nas. Locations for measurements of the 
background radiation. 
8.5. Great Belt and Langeland Belt Areas 
Locations on both shores of the Great. Belt and the Langeland Belt (an 
international shipping route) are likewise routinely monitored with TLDs; 
the results and locations are shown in Table 8.5.1 and Fig. 8.5.1, respectively. 
Table 8.5.1. TLD-measurements of the background radiation (integrated over 12 
months and normalized to \xR hr1) along the coasts of ike Great Belt and Langeland 
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Fig. 8.5J. The coasts of the Gnat Belt. Locations for measurements of the back-
groundnatation. 
8.6. The Baltic Island of Bornholm 
Locations on the island of Boraholm have been monitored with TLDs in the 
period April 1986 - May 1987. The results and locations are shown in Table 
8.6.1 and Fig. 8.6.1, respectively. 
Table 8.6.1. TLD-measwements of the background radiation {integrated over 


















Fig. 8.61. Locations for measurements on Bomholm. 
9. Conclusion 
9.1. Environmental Monitoring at Risø, Barsebåck, 
and Ringhals 
No radioactive contamination of the environment originating from the opera-
tion of Risø National Laboratory was ascertained outside its boundaries in 
1987. 
Benthic brown algae, mussels, and fish collected at the Swedish nuclear 
plants at Barsebåck and Ringhals were analysed for radioactive pollution. 
Transfer factors from releases of various radionuclides to Fucus were calcula-
ted. The radioactive contamination of the marine environment due to the 
operation of the Swedish nuclear power plants resulted in doses of less than 
1% of the background radiation to any individual eating 20 kg mussel and 100 
kg fish per year. 
9.2. Fallout in the Abiotic Environment 
The mean content of *>Sr in air collected in 1987 was 0.37 jiBq nr3, i.e. 70 
times less than the 1986 level. The mean concentration of 137Cs in air was 6 
u-Bq nr3 in 1987, i.e. 220 times less than in 1986. The average fallout at the 
State experimental farms in 1987 was 1.44 Bq "Sr nr2 or 26 times less than 
the 1986 figure, and the mean concentration of ^Sr in rain water was 2.1 Bq 
^Sr nr3. The deposition of 137Cs was 29 Bq nr2 ot 37 times less than in 1986. 
By the end of 1987 the accumulated fallout was approximately 1S33 Bq *>Sr 
m-2 (41 mCi wSr km-2). The corresponding ,J7Cs was estimated at 3700 Bq 
m-2. 
The median level of »°Sr in Danish ground water was 0.06 Bq nH. 
Inner Danish surface waters (salinity ~ 12 %») contained 18 Bq '"Sr nr3 
and 78 Bq ,37Cs nr3. The *>Sr concentration in 1987 was 82% and the ,37Cs 
level 80% of the corresponding values in 1986. 
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93. Fallout Nuclides in the Human Diet 
The mean level of *Sr in Danish milk was 59 Bq (kg C*yl, and the mean 
content of ^ Cs was approximately 600 Bq nr3. 
The 1987 "ST level was 0.92 times the kvel found in milk produced in 19*6, 
and the ^Cs was 0.57 times. The ™Sr mean content in grain from the 1987 
harvest was 037 Bq kg-1. The ,37Cs mean content in grain was &21 Bq kg-1. 
The NSr level in grain from the 1987 harvest was ».21 times the level found in 
the 1986 harvest, and ^Cs was 0.06 times the 1986 leveL 
The mean contents of *•& and ^ Cs in Danish vegetables collected in 1987 
were 0.32 Bq "Sr kg-1 and 0.064 Bq ^ Cs kg-«, respectivdy, and in fruit 0.064 
Bq NSr kg-1 and 0J9 ^Cs kg->. Potatoes contained 0.044 Bq *Sr kg-> and 
0134BqB>Cskg-4. 
The mean levels of *5r and ,37Cs in the Danish total diet in 1987 were 123 
Bq »Sr (kg C*Y* and 490 Bq U7C$ (kg K H respectively. The levels of »ST 
and mCs in the Danish total diet in 1987 were, respectively, L26 and L32. 
times those observed in 1986. The increase in ene Bq "Sr (kg Ca)-1 was due to 
lower calcium levels in the Danish diet, because Danish flour no longer is 
enriched artificially by calcium (acta praeparata). 
Grain products contributed 31% and «ailk products 28% to the total *Sr 
intake; 44% of the ^ Cs in the diet originated from grain products, 24% from 
meat, and 17% from milk products. Fish contributed with 9% to the l57Cs diet 
intake. 
The preJicted levels of ^Cs in Danish food products based on global 
fallout models were in general higher than those actually observed in 1987, 
but as expected the difference was less pronounced than that observed in 1986, 
when the distribution in time of the fallout deviated more from global fallout 
than in 1987. 
9.4. Strontium-90 and Cesium-137 in Humans 
The "Sr mean content in human bone (vertebrae) collected in 1987 was about 
23Bq(kgCa)->. 
Whole-body measurements of ,37Cs were resumed after the Chernobyl acci-
dent. The measured mean level in 1987 was 1770 Bq »"Cs (kg K)"1. 
9.5. Tritium in Environmental Samples 
The tritium mean concentration in ground, stream, lake, and drinking water 
was approximately 1.5 kBq nr3 in 1987. The mean content of precipitation 
was 1.6 kBq or3. 
9.6. Background Radiation 
The average total background exposure rate measured with TLDs a' the State 
experimental farms was 7.7 uK tr1. The annual mean of the terrestrial expo-
sure rates at the State experimental farms measured with the NaI(Tl) detector 
was 4.3 u-R 1H. The annual means in 1987 are not different from the levels 
prior to the Chernobyl accident. 
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AppendixA 
A Reinvestigation of Radiocesium in Soil Samples 
from S-Jotland with Emphasis on the Possible Effect 
of the Pretreatment of the Samples Before 
Measurement 
In September 19J6 we collected soil samples from five locations in South 
Jutland. These locations have been identified as having relatively high depo-
sitions of Chernobyl debris1). 
It appeared from this study that the samples collected 0-S cm contained 
contained 35% higher Chernobyl radiocesiam deposit than those collected 
0-10 cm. The 0-S cm set was measured untreated, whereas die 0-10 cm set had 
received our normal treatment for soil simples, i.e. the soil had been dried, 
crashed and sieved. By dus prctreatment some of the activity had apparently 
been lost (stones, toots etc), and it was therefore decided to repeat the samp-
ling and die analysis in 19tl. 
Table Al shows the results. It appears that the untreated samples on the 
average contained S% higher levels dun the treated. This shows that e^. 
stones and roots removed by the sieving process contain some radiocesium, 
although not so much as indicated by the 19*6 sampling. 
In Table A2 we have summarized the results. The distribution of Cherno-
byl debris differs significantly from that of global fallout. In die 0-S cm layer 
we find 69% of tbe Chernobyl IJ7Cs but only 17% of the global fallout (com-
pared witb that in die 0-20 cm layer). But in die 10-20 cm layer we find 9% of 
the Chernobyl and 53% of die global fallout. 
Table A3 shows that the Chernobyl WC* generally decreased from 1986 to 
19SS, but die decrease was very uneven. We conclude that the deposition from 
Chernobyl may have shown great focal variations perhaps due to hot spots in 
The mean 1988/1986 ratios in Table A3 were probably different from 1 in 
case of the 0-5 cm set but not for the 0-10 cm set. 
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Tobk A2. Chernobyl mi tJkbalfaOom IJ7Cs M sod from fim bottom m Somtk 
Jmdmi (cf. Table Al). (Bq '"Cs mr*) ± I SJ>. 
Soil layer Chernobyl Global fallout 
0-5cm 1600* 810 340± 80 
0-10 cm 210021030 920 ±320 
10-20 cm 220± 330 1040±250 
The Chernobyl 137Cs was calculated from the 
13
*Cs data by multiplication with 4, assuming 
that the 134Cs/137Cs in fresh Chernobyl debris 
was 0.551*. The global fallout 137Cs was calcula-
ted by subtracting the Chernobyl ,37Cs from the 
measured 137Cs. 
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TakkAX Comparison of 1988 vritkl986l> Chernobyl dtposition at the five locations 
m SamAJmdand. (Bq »7C$ or* in 1988!Bq li7Cs m-2 in 1986) 
Location 0-5 cm (untreated) 0-10 cm (treated) 
Hokkerup 0.99 0 99 
Sdr. Vilstrup 0.74 0.83 
Gabet 0 32 0 84 
Rangstrup 0.15 0.25 
Styding 0.62 1.21 
Mean ± 1 S.E. 0.56 ± 0.15 0.82 ± 0.16 
Appendix B 
Statistical Information on Population Density, Area 
of the Zones, and Milk, Grain, Vegetable, and Fruit 
Production in the Zones 
Appendix B. Statistical information 
Zone Area in Population Annual mint Annual wheat 
km2 in production production 
thousands in mega-kg in mega-kg 
15) 28) 1965 13) 1965 13) 1965 
I: North Jutland 6.171 482 
8: East Jutland 7.561 909 
M: West Jutland 12.104 711 






















Greater Copenhagen and 945,000 
992 140 
1.972 565 






















980 425 980 17.649 
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Appendix C 
A Comparison Between Observed and Predicted 
Levels in the Human Food Chain in Denmark in 
1987 
For the calculation of the I37Cs levels before 1986 we have assumed the 
U7Cs/NSr ratio equal to 1.6 because that was the ratio used in reference 21. 
Table CJ. Comparison between observed and predicted ^Sr leveh in environmental 





















Total diet C 
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C.3.2.1 No. 1 
C.3.2.1 No. 3 
C.2.2.1 No. 1 
C.2.2.1 No. 3 
C.2.2.1 No. 4 
C.2.2.1 No. 6 
C.2.2.1 No. 8 
C.2.2.1 No. 10 
C.2.2.1 No. 12 
C.2.2.1 No. 13 
C.2.5.1 No. 8 
C.2.5.1 No. 10 
C.2.5.1 No. 1 
C.2.5.1 No. 3 
C.2.5.1 No. 5 
C.2.5.1 No. 6 
C.2.5.1 No. 13 
C.3.41 No 3 
C.3.4.1 No. 1 
C.3.6.1 No. 6 
C.4.2.1 No. 1 
C.4.2.1 No. 7 
C.4.3.1 No. .3 
C.2.4.1 No. 1 
C.2.7.1 No. 3 




Table C.Z. Comparison between observed and predicted t37Cs levds tn environmen-
tal samples collected in 1987 
Sample Location Unit Number Observed Predicted Obs/bred Model in 



















Total diet C 






















. » . 
Bq^Cskg-i 




. " . 
. " . 
. ~. 
. " . 















































































C.3 2 2 No 1 
C.3.2 2 No 3 
C.2.2 4 No. 1 
C.2.2 4 No 3 
C.2.2 4 No 4 
C2.24No 5 
C.2.2 4 No. 6 
C.2.2 4 No. 7 
C.2.2.4 No 8 
C.2.2 4 No 9 
C 2.5 3 No. 5 
C.2 5.3 No. 7 
C.2.5 3NO 1 
C 2 5.3 No 3 
C.2 5 3 No 11 
C.3.4.2 No 3 
C.3 4.2 No 1 
C.3.6.2 No 6 
C.4.2.2 No 1 
C.4.2.2 No. 6 
Appendix C.3. Deposition in 1987 in Bq mr2 
Jutland Islands Denmark 
»Sr Jan-Dec 1.41 1.47 1.44 
137Cs Jan-Dec 32 26 29 
9°SrJuly-Aug 0.25 0.26 0.25 
90Sr May-Aug 0.66 0.52 0.59 
137Cs Jan-Dec 5.5 5.3 5.4 
137Cs May-Aug 12.5 11.4 12.0 
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Appendix D 
Fallout Rates and Accumulated Fallout (mCi ^ Sr 
km-2) in Denmark 1950-1987 
4 
Annual fallout rate in mCi '•'Sr km -2 yr 1 or Bq ""Sr m -2 yr1 . Accumulated 
fallout by the end of the year (i) assuming effective half-lives of ^Sr of 28.8 y. 
Unit: mQ »Sr km"2 or Bq *>Sr nr2. 
The fallout rates in the periods: May-Aug and July-Aug, respectively. Unit: 
mCi wSr knr2 period-1 or Bq '"Sr nr2 period-1. The fallout rate (dj) was 
based on precipitation data collected for all Denmark in the period 1962-1984 
(cf. Table 4.2.11)). Before 1962 the levels in the tables were estimated from the 
HASL data for New York (HASL Appendix 291,1975)29) considering that the 
mean ratio between ^Sr fallout in Denmark and New York was 0.7 in the 
period 1962-1974. 
Tb e dj(May.Aiig) m& ^uiy-Aug) val"cs w c r e also obtained from 4.21) for the 
period 1962-1984. For the years 1959-1961 the values were calculated from data 
obtained from ^Sr analysis of air (19S9) and precipitation samples (1962 and 
1961) collected at Risø. Before 1959, the values were estimated from the corre-
sponding dj values assuming that the ratios di(May.Au(y/di and di<ju|y.Augy/di 
were constant in time and equal to the means found for the period 1962-1974, 
which were 0.54 (1 S.D.: 0.09) and 0.24 (1 S.D.: 0.06), respectively. 
Table D.1 shows the mCi '"Sr km~2 figures and Table D.2 gives the Bq nr 2 
values. 
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Appendix DJ. Fallout rates and accumulated fallout (md w 5r knr2) in Denmark 
1950-1987 
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